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Description

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Application No. 61/918,498, filed December 19,
2013, and to U.S. Provisional Application No.
62/043,868, filed August 29, 2014.

BACKGROUND

[0002] In many illumination systems, targeted areas to
be illuminated are much larger than an emitting area of
the light sources. Many artificial light sources emit light
in an approximately Lambertian distribution. In many cas-
es the Lambertian distribution emits light at high angles
from 65 to 90 degrees relative to nadir. In office and other
environments, it is often desirable to reduce or minimize
light emitted in 65 to 90 degree angles, because of dis-
comfort viewers may experience in directly viewing the
lights from those angles, and/or because of reflections
of light from those angles from displays, work surfaces,
and other objects.
[0003] In some countries, specifications or recommen-
dations regarding luminaires limit the amount of light in
the 65 to 90 degree range. In the United States, ANSI/IE-
SNA RP-1-04 recommends maximum limits for the lumi-
nous intensity emitted at angles above 65, 75, and 85
degrees (at any azimuthal angle). In Europe, EN-12464
places similar limits on luminance at high angles. In ad-
dition to specific standards, specifications, or recommen-
dations, in some cases lighting designers will prefer lu-
minaires with limited high-angle luminous intensity. In
some cases, limited high-angle luminous intensity is de-
sirable along one azimuthal plane (e.g. East-West) while
not being required in the orthogonal plane (e.g. North-
South). In many other cases limited high-angle luminous
intensity is desirable in all azimuthal planes.
[0004] In many cases it is desirable to increase the
axial luminous intensity of a light source, so as to most
effectively light the space below the luminaire. In many
of these cases, it is desirable to do so without artifacts
at high angles such as a wink that might be caused by a
90-degree prism film.
[0005] A downward-facing light source with Lamber-
tian light distribution has luminous intensity that is pro-
portional to the cosine of the angle from nadir (the down-
ward-facing direction). By definition, the Full Width at Half
Maximum (FWHM) of a Lambertian distribution is 120
degrees. In the lighting industry, the term "Lambertian"
is also frequently used to refer to light distributions with
similar quality but of different widths. That is, distributions
that have a peak at nadir, and monotonically decrease
at higher angles are often called Lambertian. In one ex-
ample, a Gaussian distribution with FWHM of 80 degrees
will often be called "Lambertian" in the lighting industry.
Figure 1 shows a measurement of a wide, approximately
Lambertian light source. High-angle luminous intensity

is high, with luminous intensity at 65 degrees approxi-
mately 37.5% of the peak luminous intensity.
[0006] Herein, the term "high-angle luminous intensity"
will refer to luminous intensity at polar angles between
65 and about 90 degrees relative to nadir.
[0007] Herein, the term "axial luminous intensity" will
refer to luminous intensity at the polar angle of about 0
degrees. For most downward-facing lighting fixtures, the
axial direction is straight down.
[0008] High-efficiency LED lighting is being increas-
ingly adopted. Typical LED light sources emit light into a
Lambertian distribution with a Full Width Half Max
(FWHM) of approximately 120 degrees. Although LEDs
with many other light distributions are available, many
cost-effective LEDs sold for general lighting are of the
120 degree Lambertian variety. Many luminaires (LED
and traditional) have flat outer surfaces (such as some
downlights, task lights, and troffers). In many cases, light
emitted by these fixtures has high-angle luminous inten-
sity that is undesirably high. This is often true for lumi-
naires employing other types of light sources in addition
to LEDs, such as incandescent lamps, fluorescent lamps,
organic light-emitting diodes (OLEDs), etc. In many of
these fixtures, a simple flat diffuser (such as a microstruc-
tured, holographic, or volumetric diffuser) is used to dif-
fuse the LEDs, hiding their appearance from viewers and
smoothing the surface appearance of the luminaire. In
the absence of other features such as baffles, louvers,
focusing reflectors, focusing refractors, and bezels,
these diffusers often give Lambertian distributions of var-
ious widths (most typically about 80 to 120 degrees). In
such cases, the high-angle luminous intensity may be
undesirably high.
[0009] A 90-degree linear prism optic has one smooth
surface and the other one is textured by an array of par-
allel linear prisms with 45-degree sidewalls, as shown,
for example, in U.S. Patent No. 2,474,317 and U.S. Pat-
ent 3,288,990, in which one or two layers of prism optics
are used to increase brightness directly under a lumi-
naire, and reduce high-angle luminous intensity. A film
with the similar properties is described by Cobb in U.S.
Patent No. 4,906,070. Films such as described by Cobb,
usually employing prisms with peak angle of substantially
90 degrees, are used extensively for brightness en-
hancement of the back light unit inside a display system.
In both lighting and displays, a brightness-enhancing
prism is used with the light entering smooth surface of
the optic, and thus the prisms facing away from the light
source. Rays incident perpendicular to the surface of the
film will encounter total internal reflections (TIR) from the
prisms. Those light rays are generally reflected back into
the backlight, which is generally configured with high re-
flectivity to recirculate those rays back toward the prism
film (sometimes repeatedly), until they enter the prism
film at larger incident angle and are allowed to pass to
the viewer of display. Rays incident at larger angles are
at least in part refracted through the prisms, and on av-
erage over all angles, the average exit angles are smaller
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than the average entrance angles, when measured rel-
ative to the normal to the prism optic. The angle bending
and recirculation process creates a narrower FWHM light
distribution (approximately 70-95 degrees) than the inci-
dent Lambertian distribution (approximately 120 de-
grees), and axial brightness enhancement. Said another
way, a prism illuminated by Lambertian light in this ori-
entation and with appropriate recirculation will increase
axial luminous intensity, while reducing the FWHM. At
some polar angles between about 65 and about 90 de-
grees, luminous intensity is decreased, but most 90-de-
gree prisms also produce a distinct bright band (some-
times called a "wink") at some polar angles above about
65 degrees at some azimuthal angles. This wink can pro-
duce high-angle luminous intensity that is unacceptably
high. A measured 90-degree prism film illuminated by an
approximately Lambertian source is shown in Figure 2,
in which the measured azimuthal plane was perpendic-
ular to the major direction of the linear prisms, the "wink"
being the peaks noticeable at approximately +/-70 de-
grees. This wink and the light paths within a prism optic
that lead to the wink are described, for example, by Ri-
chard et al. in U.S. Patent No. 7,777,832. Having no wink
is defined herein by having a light distribution that sub-
stantially monotonically decreases as polar angles in-
crease from the angle of peak luminous intensity. Richard
et al. describe incorporating diffusion into a linear prism
film to make the wink less noticeable in displays, using
what is essentially a blurring process. This process may
leave too much high-angle luminous intensity for use in
lighting applications. Thus it may be desirable to simul-
taneously have substantially no wink and have low high-
angle luminous intensity.
[0010] Cones are known in the art to be a surface struc-
ture that can reduce high-angle luminous intensity of a
light source. Such use of cone shapes is mentioned in
U.S. Patent No. 2,474,317, U.S. No. Patent 3,349,238,
U.S. Patent No. 3,159,352, U.S. Patent No. 3,483,366,
U.S. Patent Application Publication No. 2013/0057137,
U.S. Patent Application Publication No. 2010/0128351
and German Patent Application No.
DE102006009325A1. A cone-like hexagonal pyramid is
mentioned in German Patent No. DE202010002744U1.
In U.S. Patent No. 7,631,980 and International Publica-
tion No. WO 2005/083317A1, a cone with inverted tip is
pictured that resembles a prism bent into a single ring.
CN 102023329 A (Byd Co Ltd.) has an array of sets of
concentric circular prism formations for an LCD. US
2008/303977 by Hitachi/Sekiguchi et al. also shows cir-
cular prism patterns with a diffuser for an LCD; and US
2011/063723 (Shyu et al.) shows a stacked array of lens-
es.

SUMMARY

[0011] The invention is defined in claim 1. Light trans-
missive structures (diffusers) according to various em-
bodiments described herein include a light transmissive

substrate having first and second opposing faces and
array of microprism elements on the first face, with a re-
spective microprism element comprising a plurality of
concentric microprisms. The light transmissive structure
is configured to receive light from a light source facing
the second face and reduce high-angle luminous inten-
sity of the light emerging from the first face.
[0012] In some embodiments, the light transmissive
structure is configured to reduce luminous intensity of
the light emerging from the first face at angles greater
than about 65 degrees from a direction orthogonal to the
light transmissive substrate to less than about 30% of
the light emerging from the first face in the direction or-
thogonal to the light transmissive substrate. In various
embodiments, the light transmissive structure may be
configured to reduce luminous intensity of the light
emerging from the first face at angles greater than about
65 degrees from the direction orthogonal to the light
transmissive substrate to less than about 20% or less
than about 15% of the light emerging from the first face
in the direction orthogonal to the light transmissive sub-
strate. The light transmissive structure may be configured
to monotonically decrease luminous intensity of the light
emerging from the first face at increasing angles from
the direction orthogonal to the light transmissive sub-
strate.
[0013] In some embodiments, the light transmissive
structure is configured to substantially reduce luminous
intensity of the light emerging from the first face at angles
between about 65 degrees and about 85 degrees from
a direction orthogonal to the light transmissive substrate
relative a Lambertian light distribution. In some embod-
iments, the light transmissive structure is configured to
substantially increase luminous intensity of the light
emerging from the first face in a direction orthogonal to
the light transmissive substrate relative to a Lambertian
light distribution. The light transmissive structure may be
configured to increase luminous intensity of the light
emerging from the first face at angles up to at least about
30 degrees from the direction orthogonal to the light
transmissive substrate relative to a Lambertian light dis-
tribution.
[0014] In some designs, not the subject of this inven-
tion, a microprism element may include a plurality of con-
centric circular microprisms, e.g. at least five concentric
circular microprisms, at least 10 concentric circular mi-
croprisms and at least 20 concentric circular micro-
prisms. At least one generally triangular microprism, or
a plurality, can be defined by at least some adjacent mi-
croprism elements.
[0015] In some embodiments, the array of microprism
elements extends over substantially the entire first face
of the substrate.
[0016] In some embodiments, the second face is sub-
stantially smooth.
[0017] In some designs, again not the subject of this
invention, a respective microprism element may include
a plurality of concentric elliptical microprisms. A respec-
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tive microprism element may include a plurality of con-
centric rounded square microprisms. A respective micro-
prism element may include an outermost rounded hex-
agonal microprism and an innermost generally circular
microprism. A respective microprism element may in-
clude concentric microprisms of random or pseudoran-
dom size and/or shape.
[0018] In some embodiments, a respective microprism
is undetectable by the naked eye at a viewing distance
of about three feet.
[0019] In some embodiments, a respective microprism
element is hexagonal.
[0020] In some embodiments, the light transmissive
structure is configured to produce a visible pattern to a
viewer of the light transmissive structure at a viewing
distance of about three feet, with the visible pattern cor-
responding to the array of microprism elements on the
first face.
[0021] In some embodiments, the light transmissive
structure is configured to receive light from an array of
LEDs as the light source and produce a sparkly pattern
to a viewer of the light transmissive substrate. The sparkly
pattern may change in appearance as a viewing angle
relative to a direction orthogonal to the light transmissive
substrate changes.
[0022] In some embodiments, a respective microprism
has a generally triangular cross section with sides defin-
ing a peak, the cross section taken in a plane perpendic-
ular to the first face of the substrate. The peak may be
generally parallel to the first face of the substrate. The
peak may be a rounded peak. At least one side of the
microprism may define a convex surface. The microprism
may have an internal angle defined by the peak of be-
tween about 95 and 120 degrees or between about 100
and 110 degrees in various embodiments.
[0023] Substantially all of the microprism elements in-
clude a plurality of concentric rings.
[0024] In some embodiments, adjacent microprism el-
ements are in contact with one another. In some embod-
iments, the array of microprism elements includes gaps
between at least some of the microprism elements, and
the light transmissive structure further includes gap-filling
microstructures in at least some of the gaps.
[0025] The light transmissive structure may include at
least one diffusion feature including: surface roughness
on at least some of the microprisms; a diffuser on the
second face of the substrate; a light scattering agent in
at least some of the microprisms and/or in the substrate;
and/or a diffusive coating on at least some of the micro-
prisms.
[0026] In some embodiments, the light source is a
Lambertian light source. The light source may include
one or more LEDs.
[0027] In some embodiments, the light transmissive
structure is in combination with at least one light source
and a housing that is configured to hold the at least one
light source and the light transmissive substrate so that
light from the light source impinges on the second face

of the substrate and emerges from the first face of the
substrate with reduced high-angle luminous intensity.
The housing may define a light exit surface area where
the substrate is held. In various embodiments, a respec-
tive microprism element has an area on the first face of
the substrate that is at least one order of magnitude, at
least two orders of magnitude, and/or at least four orders
of magnitude smaller than the light exit surface area. In
some embodiments, the array of microprism elements
on the first face of the substrate extends over substan-
tially the entire light exit surface area. In some embodi-
ments, the light source is an array of LEDs with a spacing
between adjacent LEDs, and a respective microprism
element has a size that generally corresponds to the
spacing between adjacent LEDs.
[0028] In some embodiments, the light transmissive
structure is in combination with at least one light source
wherein the light transmissive substrate is suspended
under the light source so that light from the light source
impinges on the second face of the substrate and emerg-
es from the first face of the substrate with reduced high-
angle luminous intensity.
[0029] Light transmissive structures may be fabricated
according to various embodiments described herein by
imaging onto a photoimageable material an image of a
plurality of microprisms having a geometric feature that
is configured to reduce high-angle luminous intensity of
light transmitted through the microprisms. The photoim-
ageable material is then used to replicate an image of a
plurality of microprisms in and/or on a substrate, the plu-
rality of microprisms also having a geometric feature that
is configured to reduce high-angle luminous intensity of
light transmitted through the microprisms. The imaging
may be performed by scanning a laser across the pho-
toimageable material, the laser defining the image of a
plurality of microprisms having the geometric feature that
is configured to reduce high-angle luminous intensity of
light transmitted through the microprisms.
[0030] Light transmissive structures described herein
include a light transmissive substrate having first and
second opposing faces. A plurality of microprisms are on
the first face, with the microprisms having a generally
triangular cross section in a plane that is perpendicular
to the first face, and the microprisms are distributed on
the first face of the substrate in a plurality of different
prism orientation angles measured from an edge of the
substrate. The light transmissive structure is configured
to receive light from a light source facing the second face
and reduce high-angle luminous intensity of the light
emerging from the first face. The light transmissive struc-
ture is also configured to increase luminous intensity of
the light emerging from the first face in a direction orthog-
onal to the light transmissive substrate relative to a Lam-
bertian light distribution.
[0031] In some embodiments, the plurality of micro-
prisms and/or interspersed microstructures substantially
cover the first face of the substrate.
[0032] Light transmissive structures described herein
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include a light transmissive substrate having first and
second opposing faces. An array of microprism elements
are on the first face, with a respective microprism element
including a plurality of concentric microprism patterns,
and with a respective microprism pattern including a plu-
rality of pyramids arranged in a generally elliptical con-
figuration. The light transmissive structure is configured
to receive light from a light source facing the second face
and reduce high-angle luminous intensity of the light
emerging from the first face.
[0033] In some embodiments, a respective pyramid in-
cludes a face that faces away from a center of the plurality
of concentric microprism patterns. In some embodi-
ments, a respective pyramid includes at least one face
that defines a convex surface.
[0034] It is noted that any one or more aspects or fea-
tures described with respect to one embodiment may be
incorporated in a different embodiment although not spe-
cifically described relative thereto. That is, all embodi-
ments and/or features of any embodiment can be com-
bined in any way and/or combination. Applicant reserves
the right to change any originally filed claim or file any
new claim accordingly, including the right to be able to
amend any originally filed claim to depend from and/or
incorporate any feature of any other claim although not
originally claimed in that manner. These and other ob-
jects and/or aspects of the present invention are ex-
plained in detail in the description below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035]

Figure 1 is a chart illustrating a Lambertian intensity
distribution with a Full Width Half Maximum (FWHM)
of 120 degrees.
Figure 2 is a chart illustrating the light distribution of
a Lambertian light source after passing through a
linear prism film.
Figure 3 is a chart illustrating the measurement of
light distributions in a spherical coordinate system.
Figure 4 is a perspective view of a substrate having
prisms oriented thereon in different prism orientation
angles.
Figure 5 includes a perspective view of a substrate
having curved prisms oriented thereon and a cross-
sectional view of the prisms.
Figure 6 is an enlarged fragmentary perspective view
of a light transmissive structure including an array of
microprism elements.
Figure 7 is an enlarged fragmentary perspective view
of a light transmissive structure including an array of
microprism elements.
Figure 8 is a chart illustrating the light distribution of
a Lambertian light source having a FWHM of 120
degrees after passing through the light transmissive
structure of Figure 7 with the microprism elements
facing away from light source.

Figure 9 is an enlarged fragmentary perspective view
of a light transmissive structure including an array of
microprism elements.
Figures 10A-10F are cross-sectional views of
prisms .
Figure 11 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements.
Figure 12 includes an enlarged fragmentary per-
spective view of one of the microprism elements of
Figure 11 modified to have microprisms having a
prism internal angle that varies as a function of prism
orientation angle and cross-sectional views of the
prisms.
Figure 13 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements .
Figure 14 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements .
Figure 15 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements .
Figure 16 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of cones.
Figure 17 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of cones with inverted tips.
Figure 18 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements .
Figure 19 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements .
Figure 20 is a chart of the high-angle luminous in-
tensity ratio vs. the number of concentric rings per
microprism element of light transmissive structures .
Figure 21 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements .
Figure 22 is a photograph of the light transmissive
structure of Figure 39 over an array of LEDs.
Figure 23 is a perspective view of a light transmissive
structure and a pattern element having an area ther-
eon.
Figure 24 is a chart illustrating the relative sizes of
a luminaire, a pattern element and a prism .
Figures 25-32 are simplified cross-sectional views
of luminaires .
Figure 33 is a flowchart of methods of fabricating
light transmissive structures .
Figure 34A is a cross-sectional view of a light trans-
missive structure .
Figures 34B-34H are cross-sectional views of light
transmissive structures with added diffusion
features .
Figure 35 is a cross-sectional view of a display in-
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corporating a light transmissive structure .
Figures 36A-36C are cross-sectional views of light
transmissive structures with added dye .
Figure 37 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements.
Figure 38 is a chart illustrating the light distribution
of a Lambertian light source having a FWHM of 120
degrees after passing through the light transmissive
structure of Figure 37 with the microprism elements
facing away from light source.
Figure 39 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements.
Figure 40 is a chart illustrating the light distribution
of a Lambertian light source having a FWHM of 120
degrees after passing through the light transmissive
structure of Figure 39 with the microprism elements
facing away from light source.
Figure 41A illustrates a convex triangular pyramid
array with triangular packing.
Figure 41B illustrates a concave triangular pyramid
array with triangular packing.
Figure 42A illustrates a convex triangular pyramid
array with hexagonal packing.
Figure 42B illustrates a concave triangular pyramid
array with hexagonal packing.
Figure 43 is an enlarged fragmentary perspective
view of a light transmissive structure according to an
embodiment.
Figure 44 is an enlarged fragmentary perspective
view of a light transmissive structure according to an
embodiment.
Figure 45 is an enlarged fragmentary perspective
view of a light transmissive structure according to an
embodiment.
Figure 46 is an enlarged fragmentary perspective
view of a light transmissive structure according to an
embodiment.
Figure 47 is an enlarged fragmentary perspective
view of a light transmissive structure according to an
embodiment.
Figure 48 is an enlarged fragmentary perspective
view of a light transmissive structure according to an
embodiment.
Figure 49 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements according to an em-
bodiment.
Figure 50 is a chart illustrating the light distribution
of a Lambertian light source having a FWHM of 120
degrees after passing through the light transmissive
structure of Figure 49 with the microprism elements
facing away from light source.
Figure 51 is an enlarged fragmentary perspective
view of a light transmissive structure including an
array of microprism elements according to an em-
bodiment.

Figure 52 is a chart illustrating the light distribution
of a Lambertian light source having a FWHM of 120
degrees after passing through the light transmissive
structure of Figure 51 with the microprism elements
facing away from light source.
Figure 53A is an enlarged fragmentary perspective
view of a light transmissive structure according to an
embodiment.
Figure 53B is a further enlarged fragmentary per-
spective view of the light transmissive structure of
Figure 53A.
Figure 54A is an enlarged fragmentary perspective
view of a light transmissive structure according to an
embodiment.
Figure 54B is a further enlarged fragmentary per-
spective view of the light transmissive structure of
Figure 54A.
Figure 55 is a perspective view of a substrate having
microstructure pyramids oriented thereon with differ-
ent pyramid face orientation angles.

[0036] The designs of figures 4-40 are not claimed as
such.

DETAILED DESCRIPTION

Measurement

[0037] Light distributions are typically measured using
goniometric apparatus similar to that described in the IES
LM-79 standard, as illustrated in Figure 3. In the figure,
a luminaire or illuminated optical device is depicted (la-
beled SSL product) emitting light in a downward dimen-
sion. The two circles with dots on their perimeters repre-
sent planes at two different azimuthal angles ϕ (phi). In
each of these planes, the polar angle θ (theta, ranging
from -180 to 180 degrees) is defined as indicated. Ex-
ample measurement points in the phi = 0 degree and phi
= 90 degree planes are depicted as dots. At each of these
points, luminous intensity is measured as a function of
the theta angle from the principle axis of the light source.
This luminous intensity is measured by an optical detec-
tor; the optical detector and/or light source may be moved
relative to each other so that the optical detector meas-
ures light at the desired angles. In practice a light source
can be measured at any group of phi and theta points
desired. Many lights emit generally in one hemisphere,
and thus theta will often be measured from -90 to 90
degrees.

Potential Advantages

[0038] Various embodiments described herein relate
to light sources, particularly luminaires, for providing spe-
cial lighting patterns. These embodiments have particu-
lar, but not exclusive, usefulness in providing favorable
light distributions with reduced luminous intensity at high
angles.
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[0039] A two-dimensional (2D) deglaring diffuser as
defined herein is an optic (e.g., a prism optic) that reduces
high-angle luminous intensity of a wide light source (e.g.,
a Lambertian light source) in substantially all azimuthal
directions.
[0040] Various embodiments described herein provide
a 2D deglaring diffuser that can reduce high-angle lumi-
nous intensity of a light source in substantially all radial
directions.
[0041] Various embodiments described herein provide
a luminaire that can provide reduced high-angle luminous
intensity employing a 2D deglaring diffuser.
[0042] Various embodiments described herein provide
an illumination system that can provide reduced high-
angle luminous intensity employing a 2D deglaring dif-
fuser.
[0043] Various embodiments described herein de-
scribe a method for using a 2D deglaring diffuser that
can decrease the luminous intensity emitted by a light
source at high angles.
[0044] Various embodiments described herein de-
scribe a backlight for display or signage employing a 2D
deglaring diffuser that can provide reduced high-angle
intensity.
[0045] Various embodiments described herein provide
a 2D deglaring diffuser that can increase axial luminous
intensity of a light source and/or can have no wink.
[0046] Various embodiments described herein provide
a luminaire that can provide increased axial luminous
intensity employing a 2D deglaring diffuser and/or can
have no wink.
[0047] Various embodiments described herein provide
an illumination system that can provide increased axial
luminous intensity and/or no wink employing a 2D de-
glaring diffuser.
[0048] Various embodiments described herein de-
scribe a method for using a 2D deglaring diffuser that
can increase axial luminous intensity to increase the lu-
minous intensity emitted by a light source along its prin-
cipal axis and/or provides a light distribution with no wink.
[0049] Various embodiments described herein can
provide a 2D deglaring diffuser that obscures or helps
obscure light sources, including but not limited to LEDs
and fluorescent lamps.
[0050] Various embodiments described herein can
provide a 2D deglaring diffuser that has a visible surface
pattern that may be aesthetically pleasing to a viewer.
Further, various embodiments described herein can pro-
vide a 2D deglaring diffuser that has a visible surface
pattern can visually obscure light sources such as LEDs
or distracts the eye to reduce their visibility.
[0051] Various embodiments described herein de-
scribe a 2D deglaring diffuser with visible surface pat-
terns that can produce a sparkly appearance when illu-
minated by an array of LEDs.
[0052] Various embodiments described herein de-
scribe a 2D deglaring diffuser with visible surface pat-
terns that can produce a sparkly appearance or pattern

when illuminated by an array of LEDs, said sparkly pat-
tern appearing to change when viewed from different
viewing angles.
[0053] Various embodiments described herein de-
scribe a method for using a 2D deglaring diffuser that
can decrease high-angle luminous intensity and/or in-
crease axial luminous intensity in conjunction with a tra-
ditional diffuser to provide a substantially uniformly bright
surface.
[0054] Various embodiments described herein de-
scribe a method for using a 2D deglaring diffuser that
can decrease high-angle luminous intensity and/or in-
crease axial luminous intensity in conjunction with a tra-
ditional diffuser to provide a substantially uniformly bright
surface with surface patterns visible from at least one
viewing angle.
[0055] Various embodiments described herein can
provide a 2D deglaring diffuser for a luminaire that does
not require specific alignment relative to the luminaire’s
light sources.
[0056] Various embodiments described herein can
provide a 2D deglaring diffuser that is shift-invariant, and
thus can be manufactured in large areas such that a dif-
fuser suitable for a given luminaire can be cut from an
arbitrary location of the large area without the need to
align the cut to specific optical features (such as a central
point) of the optical structure.
[0057] Various embodiments described herein can
provide 2D deglaring diffuser with high optical efficiency,
having substantially no light-absorbing materials.
[0058] Various embodiments described herein can
provide a 2D deglaring diffuser that increases the lumi-
nance uniformity on the surface of a luminaire.
[0059] Various embodiments described herein can
provide a 2D deglaring diffuser that can be efficiently and
inexpensively mass-produced in areas large enough to
be suitable for use in general lighting.
[0060] Various embodiments described herein can
provide a substantially flat or slightly curved 2D deglaring
diffuser that reduces high-angle luminous intensity.

General Description

[0061] Various embodiments described herein can
provide a 2D deglaring diffuser comprising a substrate
having a first and second surface, the first surface being
substantially smooth or flat, and the second surface hav-
ing pattern elements comprising a plurality of substan-
tially parallel prismatic microstructures, or prisms, said
prisms following substantially curvilinear paths along the
surface of the substrate and having multiple prism orien-
tation angles over the area of the substrate, configured
to reduce high-angle luminous intensity relative to a wide
lambertian light distribution for light emitted from the sec-
ond surface when the first surface is illuminated by a wide
lambertian light distribution. They may also be configured
to provide substantially no wink and/or increase axial lu-
minous intensity relative to a wide Lambertian light dis-
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tribution when similarly illuminated.
[0062] The prisms have a cross-sectional shape that
is substantially isosceles triangular or modified triangular
and may include features such as a rounded tip and/or
valley, a tip resembling a pointed arch tip or Gothic arch
and/or ogive, side curvature, surface roughness and/or
variation in prism pitch, height, and/or angle. In many
designs, not here claimed, some or most of the prisms
form closed concentric shapes. These shapes can form
pattern element(s) that are repeated or tiled across the
substrate.
[0063] In many embodiments, the triangle approximat-
ing the cross-sectional shape of the prisms has an inter-
nal angle of between 95 and 120 degrees, and in some
embodiments between 100 and 120 degrees, and in oth-
er embodiments between 100 and 110 degrees. In some
embodiments, the cross-sectional shape is in the form
of an approximate isosceles triangle with convex slightly
curved sides. In some embodiments, the cross-sectional
shape additionally has a rounded peak.
[0064] Various embodiments described herein are
based on the surprising insight that in practice, prisms
on substantially parallel curvilinear paths representing
substantially all orientation angles may provide equiva-
lent or better reduction of high-angle luminous intensity
than collections of straight linear prisms tiled in zones
with a limited number (such 1, 2, 3 or 4) of prism orien-
tation angles. The use of curvilinear paths may provide
advantages including increased obscuration of light
sources, decreased artifacts at specific azimuthal angles
that may be characteristic of prism arrays having a limited
number of prism orientation angles, and/or desirable aes-
thetic appearance.
[0065] In practice, prisms on substantially parallel cur-
vilinear paths with two or more substantially parallel
neighboring elements may provide better reduction of
high-angle luminous intensity than arrays of cones or ar-
rays of cones with inverted tips.
[0066] Moreover, prism paths including increased
numbers of concentric circles (and thus larger pattern
elements) have increased suppression of high-angle lu-
minous intensity. In addition, pattern elements with char-
acteristic sizes large enough to produce visible patterns
can produce an unexpectedly pleasing visual appear-
ance, adding aesthetic appeal to a luminaire in which it
is used. An additional unexpected benefit of character-
istic sizes large enough to produce visible patterns is that
in laboratory observations, they were found to confuse
the eye, giving the illusion of better hiding or scrambling
of images of light sources.
[0067] In many embodiments disclosed herein, the 2D
deglaring diffuser does not require alignment to the light
source, and can be manufactured in large areas, with
parts cut to size in substantially any layout.

Detailed Description

[0068] Prism-like structures can be arranged on a sub-

strate S as illustrated in Figure 4. The prisms are created
on the surface of a substrate that defines the x-y axis,
and thus the line defined by their peak is always substan-
tially parallel to the x-y plane as defined in the figure. We
choose to define the orientation of a prism to be in the x-
y plane and parallel to the line making the crest of the
prism. The prism orientation angle is the angle measured
in the plane from the x axis, counter-clockwise to the
prism axis. The prism labeled 2 has a prism orientation
angle of roughly 0 degrees from the x-axis, while the
prism labeled 4 has a prism orientation angle of roughly
45 degrees from the x-axis. For a symmetrical prism, a
prism orientation angle of 180 degrees is indistinguish-
able from a prism orientation angle of 0 degrees.
[0069] In Figure 5, a prism 6 on a curved path is pre-
sented. The peak of the prism forms a curved line or path
that, once again, is substantially parallel to the plane of
the substrate (the x-y plane). This prism does not have
one orientation angle, but has a continuum of orientation
angles ranging from 0 to 90 degrees. This curved prism
can be approximated as the combination of several short-
er, substantially straight sub-prisms, each at its own
prism orientation angle.
[0070] Similarly, a curved prism that made a complete
circle would represent all prism orientation angles in
equal measure. Section A-A shows a cross section upon
which two features are defined, (a) the prism pitch being
the distance between the valleys on either side of a prism
peak, and (b) the prism internal angle β, being the full
angle subtended by the prism peak.
[0071] A 2D deglaring diffuser includes prisms ar-
ranged in pattern elements 10 having a plurality of con-
centric circles 12, as shown in Figure 6, said circles of
concentric and substantially parallel prisms arrayed upon
the substrate in a desired pattern, such as close-packed
hexagons. The choice of array patterns is unlimited, but
may for example include hexagons, triangles, squares,
irregular shapes, and random shapes. Gaps 18 may be
present between at least some of the elements 10 and
gap-filling microstructures 20 may be in at least some of
the gaps 18.
[0072] Although a variety of shapes are disclosed here
for paths of prisms, concentric circles may have a unique
advantage in some circumstances in which traditional
subtractive machining techniques are used to create the
2D deglaring diffuser or tooling used in the manufacture
of 2D deglaring diffusers, because they can be readily
created using techniques such as micromachining, dia-
mond turning, and fly cutting. Also in the case of microma-
chining, prisms with a simple straight-walled triangular
cross-sectional shape may be desirable due to the lower
cost of manufacturing tooling, compared to prisms with
curved walls and/or curved tips or valleys.
[0073] It is understood in Figure 6 and all figures herein
representing prism arrays that the figures depict one sec-
tion of the prism array with a finite number of tile elements,
and that 2D deglaring diffuser may comprise a larger (or
smaller) array of prisms than the extent of the array pre-
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sented in the figures.
[0074] The 2D deglaring diffuser shown in Figure 7
comprises prisms with 60-micron pitch repeated in a hex-
agonal array with hexagon size 840 mm to fill the surface
of the diffuser. The size of a hexagon as defined herein
is measured between the centers of two opposite sides
of the hexagon. The prisms are formed of a transparent
polymer on a transparent polymer substrate of thickness
175 microns. The prism internal angle is about 105 de-
grees. When illuminated with an approximately 120 de-
gree Lambertian light incident upon the first smooth sur-
face, this 2D deglaring diffuser reduces high-angle lumi-
nous intensity in all azimuthal directions, as depicted in
the solid curve in Figure 8. The dashed curve shows a
Lambertian distribution for reference. In this example,
the 2D deglaring diffuser reduces luminous intensity in
the range of approximately 40-80 degrees on each side,
and has low luminous intensity in the range of approxi-
mately 65-90 degrees. The peak high-angle luminous
intensity (at 65 degrees) is about 9.2% of the axial lumi-
nous intensity. The 2D deglaring diffuser also increases
luminous intensity in the range of approximately 0-40 de-
grees on each side, including axial luminous intensity,
and has no wink.
[0075] In another design, the prisms have 84.8 micron
pitch, are arranged in concentric circular paths, and are
repeated in a hexagonal array with dimension 2.9 mm to
fill the surface of the diffuser as shown in Figure 9. The
prism internal angle is about 105 degrees, and the re-
fractive index is 1.49. The prisms are formed of a trans-
parent polymer on a transparent polymer substrate of
thickness 175 microns. The prisms’ cross-sections are
approximately isosceles triangular with a slightly rounded
tip and slightly convex sides. When illuminated with an
approximately 120 degree Lambertian light source im-
pinging upon the substantially smooth side, this 2D de-
glaring diffuser reduces high-angle luminous intensity in
all azimuthal directions, increases axial luminous inten-
sity, and has no wink. The peak high-angle luminous in-
tensity (at 65 degrees) is about 8.6% of the axial luminous
intensity. An unexpected benefit is that the hexagons are
visible to the naked eye, and the array of hexagonal el-
ements produces a pleasing surface pattern that adds
artistic and visual appeal, while individual prisms are un-
detectable or substantially undetectable by the naked
eye at typical viewing distances of three feet or more or
at typical viewing distances of one meter or more. In this
and some other embodiments in which single LEDs or
arrays of multiple LEDs (or similar small light source)
directly illuminate the 2D deglaring diffuser, there is an
unexpected benefit is that when an LED light source is
viewed through this 2D deglaring diffuser, it is perceived
in a sparkly shape that is roughly circular, centered
around the location of the LED, and may be aesthetically
pleasing. The sparkly shape changes in appearance
(e.g., becomes brighter or darker and/or changes in
shape and/or size) as the viewing angle changes and
may lead to an illusion of depth that may be aesthetically

pleasing.
[0076] In the design of Figure 9 and other designs, the
prism paths may make multiple shapes due to the nature
of the tiling or tessellation of elements. This can be seen
in Figure 9 as a first type of shape consisting of concentric
circles 12 and occupying the majority of the surface area,
and additional shapes in the form of concave-sided tri-
angles 22, occupying a minority of the surface area. In
some cases such shapes may have sharp corners where
neighboring elements meet, but they may not be signif-
icantly detrimental to the performance of the 2D deglaring
diffuser.
[0077] In another design, the prisms have 84.8 micron
pitch, are arranged in concentric circular paths, and are
repeated in a hexagonal array with dimension 10.09 mm
to fill the surface of the diffuser, as depicted in Figure 21.
The prism internal angle is about 105 degrees, and the
refractive index is 1.49. The prisms’ are formed of a trans-
parent polymer on a transparent polymer substrate of
thickness 175 microns. The prisms cross-sections are
approximately isosceles triangular with a slightly rounded
tip and slightly convex sides. When illuminated with an
approximately 120 degree Lambertian light source im-
pinging upon the substantially smooth side, this 2D de-
glaring diffuser reduces high-angle luminous intensity in
all azimuthal directions, increases axial luminous inten-
sity, and has no wink. The peak high-angle luminous in-
tensity (at 65 degrees) is about 7.5% of the axial luminous
intensity. An unexpected benefit is that the hexagons are
visible to the naked eye, and the array of hexagonal el-
ements produces a pleasing surface pattern that adds
artistic and visual appeal, while individual prisms are un-
detectable or substantially undetectable by the naked
eye at typical viewing distances of three feet or more or
at typical viewing distances of one meter or more. In this
and some other designs in which single LEDs or arrays
of multiple LEDs (or similar small light source) directly
illuminate the 2D deglaring diffuser, there is an unexpect-
ed benefit is that when an LED light source is viewed
through this 2D deglaring diffuser, it is perceived in a
sparkly shape that is roughly circular, centered around
the location of the LED, and may be aesthetically pleas-
ing. The sparkly shape changes in appearance (e.g., dif-
ferent areas become brighter or darker and/or change in
shape and/or size) as the viewing angle changes and
may lead to an illusion of depth that may be aesthetically
pleasing.
[0078] In another design, the prisms have 84 micron
pitch, are arranged in concentric circular paths, and are
repeated in a hexagonal array with dimension about 2.4
mm to fill the surface of the diffuser as shown in Figure
37. The prism internal angle is about 102.5 degrees, and
the refractive index is about 1.49. The prisms are formed
of a transparent polymer on a transparent polymer sub-
strate of thickness about 175 microns. There are about
14 rings of prisms in each pattern element. The prisms’
cross-sections are approximately isosceles triangular
with a slightly rounded tip. When illuminated with an ap-
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proximately 120 degree Lambertian light source with dis-
tribution shown by the dashed line in Figure 38, impinging
upon the substantially smooth side, this 2D deglaring dif-
fuser reduces high-angle luminous intensity in all azi-
muthal directions, increases axial luminous intensity, and
has no wink, with distribution shown in the solid line of
Figure 38. The peak high-angle luminous intensity at 65
degrees is about 12.8% of the axial luminous intensity,
while the source Lambertian distribution has peak lumi-
nous intensity about 35% of the axial luminous intensity.
The peak high-angle luminous intensity at 75 degrees is
about 7.6% of the axial luminous intensity, while the
source Lambertian distribution has peak luminous inten-
sity about 18% of the axial luminous intensity. The peak
high-angle luminous intensity at 85 degrees is about
2.1% of the axial luminous intensity, while the source
Lambertian distribution has peak luminous intensity
about 3.6% of the axial luminous intensity. An unexpect-
ed benefit is that the hexagonal pattern elements are
detectable by or visible to the naked eye, and the array
of hexagons produces a pleasing surface pattern that
adds artistic and visual appeal, while individual prisms
are undetectable by the naked eye at typical viewing dis-
tances of three feet or more or at typical viewing distances
of one meter or more. In this and some other designs in
which single LEDs or arrays of multiple LEDs (or similar
small light source) directly illuminate the 2D deglaring
diffuser, there is an unexpected benefit is that when an
LED light source is viewed through this 2D deglaring dif-
fuser, it is perceived in a sparkly shape that is roughly
circular, centered around the location of the LED, and
may be aesthetically pleasing. The sparkly shape chang-
es in appearance (e.g., becomes brighter or darker
and/or changes in shape and/or size) as the viewing an-
gle changes and may lead to an illusion of depth that may
be aesthetically pleasing.
[0079] In another design, the prisms have 84.8 micron
pitch, are arranged in concentric circular paths, and are
repeated in a hexagonal array with dimension about 10.1
mm to fill the surface of the diffuser as partly shown in
Figure 39. The prism internal angle is about 105 degrees,
and the refractive index is about 1.49. The prisms are
formed of a transparent polymer on a transparent poly-
mer substrate of thickness about 175 microns. There are
about 59 rings of prisms in each pattern element. The
prisms’ cross-sections are approximately isosceles tri-
angular with a slightly rounded tip. When illuminated with
an approximately 120 degree Lambertian light source
with distribution shown by the dashed line in Figure 40,
impinging upon the substantially smooth side, this 2D
deglaring diffuser reduces high-angle luminous intensity
in all azimuthal directions, increases axial luminous in-
tensity, and has no wink, with distribution shown in the
solid line of Figure 40. The peak high-angle luminous
intensity at 65 degrees is about 12% of the axial luminous
intensity, while the source Lambertian distribution has
peak luminous intensity about 35% of the axial luminous
intensity. The peak high-angle luminous intensity at 75

degrees is about 7.6% of the axial luminous intensity,
while the source Lambertian distribution has peak lumi-
nous intensity about 18% of the axial luminous intensity.
[0080] The peak high-angle luminous intensity at 85
degrees is about 2.0% of the axial luminous intensity,
while the source Lambertian distribution has peak lumi-
nous intensity about 3.6% of the axial luminous intensity.
An unexpected benefit is that the hexagonal pattern el-
ements are detectable by or visible to the naked eye, and
the array of hexagons produces a pleasing surface pat-
tern that adds artistic and visual appeal, while individual
prisms are undetectable by the naked eye at typical view-
ing distances of three feet or more or at typical viewing
distances of one meter or more. In this and some other
designs in which single LEDs or arrays of multiple LEDs
(or similar small light source) directly illuminate the 2D
deglaring diffuser, there is an unexpected benefit is that
when an LED light source is viewed through this 2D de-
glaring diffuser, it is perceived in a sparkly shape that is
roughly circular, centered around the location of the LED,
and may be aesthetically pleasing. The sparkly shape
changes in appearance (e.g., becomes brighter or darker
and/or changes in shape and/or size) as the viewing an-
gle changes and may lead to an illusion of depth that may
be aesthetically pleasing.
[0081] In another example design, LEDs are used to
illuminate the 2D deglaring diffuser of the designs de-
scribed herein and a conventional diffuser (such as a
microstructured or volumetric diffuser) with sufficient
strength to produce a wide light distribution and uniform
brightness across the exit surface of the diffuser is dis-
posed between the LEDs and the 2D deglaring diffuser.
The 2D deglaring diffuser reduces high-angle luminous
intensity, increases axial luminous intensity, and has no
wink when compared to the LEDs and conventional dif-
fuser without the 2D deglaring diffuser. An unexpected
benefit is that at many viewing angles away from nadir,
a hexagonal pattern is visible that may be aesthetically
pleasing.
[0082] The geometric arrangement of prisms and the
prisms’ shape and internal angles can be changed in a
multitude of ways to customize the light distribution cre-
ated by a light source.
[0083] Figures 10A-10F show cross-sectional views of
prisms, and examples of the limitless ways in which a
prism can be modified in cross-sectional shape. It is un-
derstood that these drawing represent prisms composed
of a transparent material, and that relative to the draw-
ings, the substrate understood to be below the prisms.
Figure 10A depicts an isosceles-triangular prism. Figure
10B depicts a prism with rounded valleys, that is, the part
of the prisms that is closest to the substrate. Figure 10C
depicts prisms with rounded peaks, that is, the part of
the prisms that extends farthest away from to the sub-
strate. Figure 10D depicts prisms with sides that are con-
cave when viewed from above. Figure 10E depicts
prisms with sides that are convex when viewed from
above. Combinations of these and other modifications
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are possible. For example, Figure 10F depicts prisms
that have rounded peaks and convex sides. According
to laboratory experiments by the Applicant, prisms with
rounded peaks and convex sides such as depicted in
Figure 10F may provide improved effectiveness in reduc-
ing high-angle luminous intensity compared to the other
modifications depicted in Figure 10, and may be desira-
ble. In practice, slight rounding of prism peaks and valleys
may be unavoidable in many manufacturing processes.
[0084] In the design of Figure 11, the prism paths take
the shape of a squared-off circle (examples include but
are not limited to the geometric shapes known as Gielis
curve, squircle and/or superellipse), arrayed concentri-
cally substantially parallel to one another, repeated in
square pattern elements. When illuminated with a wide
light source, this 2D deglaring diffuser reduces high-an-
gle luminous intensity in all azimuthal directions. It has
the additional benefit of producing a square surface pat-
tern that may be aesthetically pleasing, while individual
prisms are undetectable or substantially undetectable by
the naked eye at typical viewing distances of three feet
or more or at typical viewing distances of one meter or
more.
[0085] In the design of Figure 12, the prisms of Figure
11 have been further modified. In addition to the same
rounded-square paths of the design of Figure 11, the
prisms internal angle is varied slightly from 100 to 120
degrees as a function of the prism orientation angle. As
indicated in the figure, the prisms that are oriented near
45 degrees (indicated by Section A-A) and 135 degrees
have a larger internal angle β than the prisms oriented
near 90 degrees and 180 degrees (indicated by Section
B-B). The variation in internal creates a variation in the
perceived image of an LED. In designs in which single
LEDs or arrays of multiple LEDs directly illuminate the
2D deglaring diffuser, there is an unexpected benefit is
that when an LED light source is viewed through this 2D
deglaring diffuser, it is perceived in a sparkly shape that
is roughly a squared-off circle, centered around the lo-
cation of the LED, and may be aesthetically pleasing.
The sparkly shape changes in appearance (e.g., be-
comes brighter or darker and/or changes in shape and/or
size) as the viewing angle changes and may lead to an
illusion of depth that may be aesthetically pleasing.
[0086] In the design of Figure 13, the prism paths take
the shape of a rounded hexagon, arrayed concentrically
substantially parallel to one another, repeated in hexag-
onal pattern elements. When illuminated with a wide light
source, this 2D deglaring diffuser reduces high-angle lu-
minous intensity in all azimuthal directions. It has the ad-
ditional benefit of producing a hexagon-like surface pat-
tern that may be aesthetically pleasing, while individual
prisms are undetectable or substantially undetectable by
the naked eye at typical viewing distances of three feet
or more or at typical viewing distances of one meter or
more. When an LED is viewed through this 2D deglaring
diffuser, it forms a sparkly snowflake-like image that may
be aesthetically pleasing.

[0087] In the design of Figure 14, the design of Figure
13 is further modified to include a circle in the innermost
concentric path, and a rounded hexagon in the outermost
concentric path, with shapes in between varying between
the circle and rounded hexagon. When illuminated with
a wide light source, this 2D deglaring diffuser reduces
high-angle luminous intensity in all azimuthal directions.
It has the additional benefit of producing a hexagon-like
surface pattern that may be aesthetically pleasing, while
individual prisms are undetectable or substantially unde-
tectable by the naked eye at typical viewing distances of
three feet or more or at typical viewing distances of one
meter or more. When an LED is viewed through this 2D
deglaring diffuser, it forms a sparkly snowflake-like im-
age, different from the image formed by the design of
Figure 13, that may be aesthetically pleasing. It may have
the additional advantage of providing a more uniform dis-
tribution of prism orientation angles due to the circular
inner rings and may have more uniform suppression of
high-angle luminous intensity at the various azimuthal
angles.
[0088] In many designs, periodic or non-periodic tilings
(or tesselations) are used to arrange elements compris-
ing concentric prisms. In some designs, the tiling may
involve multiple tile shapes, such as in the case of pen-
rose tiling. In some designs, tiling is not used at all, and
substantially parallel curved prisms can be arranged in
random shapes. One such random shape can be gener-
ated by mathematically generating a random bumpy data
surface (resembling smooth waves on the surface of a
swimming pool), and forming prisms along contour lines
representing the height of the data surface. Prisms are
then created on a substrate in the positions given by the
contour lines. An example of this type of 2D deglaring
diffuser is depicted in Figure 15. Because this random
2D deglaring diffuser still comprises prisms at all orien-
tation angles and in equal measure, this diffuser will re-
duce high-angle luminous intensity in all azimuthal direc-
tions. This design may offer advantages in surface ap-
pearance and reducing the visibility (better scrambling)
of the light sources to a viewer of the luminaire.
[0089] In another design (not shown), elongation along
one direction of the circular path of the prisms into ellip-
tical paths, and corresponding elongation of the hexag-
onal packing shape will produce a 2D deglaring diffuser
with a higher proportion of prisms oriented near one az-
imuthal plane than in other planes. When illuminated with
a wide light source, this 2D deglaring diffuser reduces
high-angle luminous intensity in all azimuthal directions,
reducing it further in the azimuthal plane perpendicular
to the long axis of the elliptical path, and reducing it less
in the azimuthal plane parallel to the long axis of the el-
liptical path. This design may eliminate wink in all azi-
muthal directions, or may eliminate wink only in one az-
imuthal plane.
[0090] As mentioned previously, an array of simple
cones, as depicted in Figure 16, is mentioned in the prior
art. A cone array is roughly equivalent to an array of
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prisms on paths consisting of less than one circle per
repeated element. Also mentioned in prior art is an array
of cones with inverted tips, as depicted in Figure 17. An
array of cones with inverted tips is roughly equivalent to
a prism array with exactly one circular path per repeated
element. The 2D deglaring optics presented herein are
based partly on the surprising observation that for a given
manufacturing technology (which may not be able to cre-
ate perfect prism shapes, and may include some round-
ing of tips and valleys) prism arrays including two or more
circular elements arranged concentrically may have bet-
ter suppression of high-angle luminous intensity than
cones or cones with inverted tips.
[0091] Figure 18 depicts a 2D deglaring diffuser in
which the prism paths consist of two concentric circles
within each hexagonal packing element. According to
laboratory experiments by the Applicant, the surprising
result was observed that this and other designs whose
prism paths comprise at least two concentric shapes per
repeated pattern element provided better suppression of
high-angle luminous intensity than cones of similar de-
sign, or cones with inverted tips of similar design. Figure
19 depicts a 2D deglaring diffuser in which the prism
paths consist of three concentric circles within each hex-
agonal packing element.
[0092] Due to imperfections or limitations of manufac-
turing technology, it may not be possible to make prisms
of perfect shape. For example, it may not be possible to
create prism sidewalls with cross-section of precisely the
desired flatness or curvature; it may not be possible to
create tips of perfect sharpness or exactly a desired
rounding; and it may not be possible to create prism val-
leys of perfect sharpness. The Applicant performed sev-
eral laboratory experiments in which 2D deglaring diffus-
ers were created with substantially consistent manufac-
turing conditions including prism pitch of about 85 mi-
crons, prism internal angle of about 105 degrees, sub-
strate thickness of about 175 microns, and prism paths
consisting of a varying number of concentric circles. 2D
deglaring diffusers with a higher number of concentric
circle paths had correspondingly larger hexagonal re-
peated elements. This experiment provided the surpris-
ing outcome that prism paths including increased num-
bers of concentric circles (and thus larger elements) had
better suppression of high-angle luminous intensity. Data
from this experiment are plotted in Figure 20. For each
experimental condition, the maximum luminous intensity
in the angle range of 65-90 degrees was divided by the
peak luminous intensity (which was substantially the axial
luminous intensity) to give a high-angle luminous inten-
sity ratio. A smaller high-angle luminous intensity ratio
indicates better suppression of high-angle luminous in-
tensity and is desirable. Given this result, various designs
described herein can provide two or more, and in some
designs three or more rings, and in other designs at least
5, 10, 15, 20, 30, 40 or more rings, such that any given
small segment of a prism is adjacent to at least one and
in some designs two small segments of prisms (on either

or both sides of the small segment of prism) that has a
substantially similar prism orientation angle and is thus
substantially parallel. Figure 18 depicts a 2D deglaring
diffuser in which the prism or prism segment 12A has
substantially parallel neighboring prism 12B. Figure 19
depicts a 2D deglaring diffuser in which prism or prism
segment 12A has substantially parallel neighboring
prisms 12B and 12C, prism 12B has substantially parallel
neighboring prisms 12A and 12C, and prism 12C has
substantially parallel neighboring prisms 12B and 12A.
For elements with a large number of rings, many of the
prisms will have many substantially parallel neighboring
prisms.
[0093] The trend of improved performance for greater
numbers of rings (i.e. larger pattern elements, or larger
characteristic size of pattern elements) is not exclusively
for circular paths. The trend may hold for any design pre-
sented herein, in which may be desirable to have more
substantially parallel prism paths (and paths with sub-
stantially one or more neighboring paths) within each
characteristic size of a pattern element.
[0094] The characteristic size of pattern elements for
a tiled arrangement of pattern elements can be defined
as the distance between each tile, or average distance
between nearest-neighbor tiles in the case of non-peri-
odic or irregular tilings.
[0095] Although it may be difficult to clearly define in-
dividual elements in some randomly-arranged prism ar-
rays, the collection of concentric shapes could be called
"pseudo-elements" and still can be said to have a char-
acteristic size. The prism array shown has several loca-
tions that are relative maxima or minima, having the maxi-
ma or minima of the random bumps involved in generat-
ing the data surface as explained herein. The character-
istic size of the pseudo-elements is simply the average
distance between these maxima or minima of the data
surface, which can be determined by one skilled in the
art through techniques such as Fourier analysis. Thus
the features in random non-repeating arrangements can
still be said to have a defined characteristic size.
[0096] Pyramid optical articles, also known as corner
cube arrays or pyramid optics, including films, large rigid
sheets, and individual rigid parts, have been used for
optical purposes including retro-reflection, broadening of
light beams, forming Lambertian light into 2D batwing
light distributions, or reducing glare from Lambertian light
sources. Pyramid optics are also used to create gain (in-
crease in nadir intensity perpendicular to the plane of the
pyramid optic), often in conjunction with a reflector dis-
posed on the opposite side of the light source as the
pyramid optic. Pyramid optics may be used to create gain
in displays including televisions, monitors, small dis-
plays, phones, tablets, and advertising displays, as well
as in general lighting.
[0097] Pyramid optics such as corner cube arrays can
be used for many applications including displays and
general lighting.
[0098] Existing corner cube arrays usually have corner
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cubes arranged in a close-packed hexagonal or triangu-
lar tessellation, in which the faces of the cubes are ar-
ranged in a finite number of orientations, often in six ori-
entations for triangular- or hex-packed corner cubes, and
often four in square-packed arrays of square pyramids.
[0099] Figure 41A depicts a convex triangular pyramid
array on uniform close-packed triangular base of the prior
art. Figure 41B depicts a concave triangular pyramid ar-
ray on uniform triangular close packing of the prior art.
Each pyramid comprises three substantially planar faces
that intersect forming a given angle between intersecting
planes. In many cases in the prior art, this intersection
angle is 90 degrees. It is noted that the article of Figures
41A and 41B has pyramid faces in six orientations.
[0100] Figure 42A depicts a convex triangular pyramid
array on close hexagonal packing of the prior art. Figure
42B depicts a concave triangular pyramid array on close
hexagonal packing of the prior art. Each pyramid is com-
prises three substantially planar faces that intersect form-
ing a given angle between intersecting planes. In many
cases in the prior art, this intersection angle is 90 de-
grees. It is noted that the article of Figures 42A and 42B
has pyramid faces in three orientations.
[0101] Various embodiments described herein may
arise from the recognition that the limited number of pyr-
amid face orientations when equal or generally identically
oriented close-packed pyramids or corner cubes are em-
ployed means that undesirable artifacts can be created
in the optical performance of the article. In glare-reducing
articles this can result in undesirable axially-varying de-
grees of glare reduction.
[0102] Light transmissive structures according to var-
ious embodiments described herein include a light trans-
missive substrate having first and second opposing fac-
es. An array of microprism elements is on the first face,
each element including a plurality of microstructure pyr-
amids. One or more aspects of the geometry such as the
orientation of individual pyramids or the orientation of
groups of pyramids such as rings or circles of pyramids
may be randomized in such a way that on the entire sub-
strate there exists a pseudo-continuum of prism face ori-
entations.
[0103] Light transmissive structures according to var-
ious embodiments described herein have a pseudo-con-
tinuum of pyramid face orientations to reduce or remove
artifacts in the light distribution that may otherwise be
present from having a limited number of orientations. A
pseudo-continuum can be defined as having a collection
of prism faces having 8, 12, 16, 32, 64 or more orienta-
tions in various embodiments.
[0104] For a plane or surface that is part of a micro-
structure feature, such as a pyramid face, one can define
the orientation of said surface to be the angle, relative to
an x-axis in the plane of the substrate, of an axis normal
to said surface projected onto the plane of the substrate.
[0105] Referring to Figure 55, the pyramid face orien-
tation angle may be the angle measured in the plane from
the x-axis, counter-clockwise to the normal axis. The pyr-

amid 2’ has a pyramid face orientation angle of roughly
0 degrees from the x-axis, while the pyramid 4’ has a
pyramid face orientation angle α’ of roughly 45 degrees
from the x-axis. In some embodiments, the pyramid face
orientation angle can be measured relative to an edge
of the substrate S (e.g., for a polygonal substrate) or rel-
ative to a tangent of the substrate S (e.g., for a circular
or elliptical substrate).
[0106] Various embodiments described herein can
provide arrangements of relatively closely-packed corner
cubes and pyramids that are arranged in close-packed
circular and/or concentric-ring elements, in which some
elements may be rotated at pseudo-random angles when
compared to other elements, leading to substantially a
continuum of angular orientations for the corner cubes
or pyramids, while maintaining somewhat close packing.
In some embodiments, a single element may contain
multiple concentric rings in which the orientation or rota-
tion of a given ring may vary from orientation of other
rings in the element.
[0107] Light transmissive structures according to var-
ious embodiments described herein include a light trans-
missive substrate having first and second opposing faces
and an array of microstructure elements on the first face,
with a respective microstructure element comprising a
plurality of pyramids.
[0108] In some embodiments the light transmissive
structure is configured to receive light from a light source
facing the second face and distribute the light emerging
from the first face in a distribution with reduced luminance
at high viewing angles (glare) relative to a Lambertian
source.
[0109] Figure 43 depicts a gray-scale 3D rendering of
a triangular pyramid array in which 12 circular elements
are combined in a seamlessly repeatable unit rectangle.
The triangular pyramids are on one side of a substrate.
Each circular element A contains pyramids at a rotation
angle B measured from an arbitrary axis in the plane of
the substrate (e.g., the x- or horizontal axis). The rotation
angle B may also be measured relative to an edge of the
substrate (e.g., an edge of a polygonal substrate or a
tangent of a circular or elliptical substrate). In between
the circular elements, an interstitial space C exists and
can be filled by shapes such as additional pyramids or
other microstructures and/or left unfilled. In Figure 43
some faces of the pyramids are slightly rounded to more
easily fit into a circular shape. In a similar embodiment,
not pictured, the faces can be planar and simply extend
until they intersect faces of pyramids elsewhere on the
substrate.
[0110] Figure 44 depicts a gray-scale 3D rendering of
a triangular pyramid array in which a central circle con-
taining pyramids at one rotation angle is surrounded by
an additional ring containing multiple pyramids arranged
in approximately triangular packing into the ring, with the
pyramid ring rotated to a second rotation angle. Interstitial
space may be filled by additional shapes such as a tri-
angular pyramid or multiple triangular pyramids or other
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microstructures.
[0111] Figure 44 depicts a seamlessly repeatable unit
rectangle containing two elements. It is possible to make
larger unit rectangles comprising any number of distinct
elements, with each element having random or pseudo-
random rotation angles for each central circle and ring.
[0112] Figure 45 depicts a gray-scale 3D rendering of
a triangular pyramid array in which a central circle con-
taining pyramids at one rotation angle is surrounded by
a plurality of additional rings containing multiple pyramids
arranged in approximately triangular packing into the
ring, with each pyramid ring rotated to a random or pseu-
do-random rotation angle. Due to the triangular packing,
within any ring the orientation of the triangles varies in
such a way that adjacent triangles alternate between hav-
ing a pyramid face facing the center of the circle or having
a pyramid edge facing the center of the circle. Interstitial
space may be filled by additional shapes such as a tri-
angular pyramid or multiple triangular pyramids or other
microstructures. Figure 45 depicts a seamlessly repeat-
able unit rectangle containing two elements. It is possible
to make larger unit rectangles comprising any number of
distinct elements, with each element having a different
set of random or pseudo-random rotation angles for each
central circle and ring.
[0113] Figure 46 depicts a gray-scale 3D rendering of
a triangular pyramid array in which a central circle con-
taining pyramids at one rotation angle is surrounded by
a plurality of additional rings containing multiple pyramids
arranged in a ring, with each pyramid ring rotated to a
random or pseudo-random rotation angle. Pyramids are
arranged such that all pyramids have an edge pointing
toward the center, giving the appearance of close hex-
agonal packing similar to a traditional corner cube array
such as in Figure 42A. Interstitial space may be filled by
additional shapes such as a triangular pyramid or multiple
triangular pyramids or other microstructures.
[0114] Figure 46 depicts a seamlessly repeatable unit
rectangle containing two elements. It is possible to make
larger unit rectangles comprising any number of distinct
elements, with each element having a different set of
random or pseudo-random rotation angles for each cen-
tral circle and ring.
[0115] Figure 47 depicts a version similar to that of
Figure 46 except with a larger number of rings, and mul-
tiple pyramids in the interstitial space.
[0116] Similar to Figures 46 and 47, the pyramids can
be oriented with a face pointing toward center (180 de-
gree rotation of each pyramid within the rings compared
to the embodiment of Figure 46).
[0117] Similar to Figures 46 and 47, pyramids can be
rotated at other angles, such as 30 degrees from that
shown in Figure 46, as depicted in Figure 48.
[0118] In Figure 49, corner cube shapes or pyramids
of approximately 30 microns are created in concentric
rings, oriented such that one flat face of each corner cube
faces away from the center of the ring. There are about
18 rings in each pattern element, with adjacent rings

about 32 microns apart. The pattern elements are repeat-
ed in a hexagonal array with dimension about 1.2 mm to
fill the surface of the diffuser as shown in Figure 49, which
depicts a seamlessly repeatable unit rectangle contain-
ing two elements. The corner cubes have an internal an-
gle between any two faces of about 90 degrees and sub-
stantially planar sidewalls. The refractive index is about
1.49. The prisms are formed of a transparent polymer on
a transparent polymer substrate of thickness about 175
microns. When illuminated with an approximately 120
degree Lambertian light source with distribution shown
by the dashed line in Figure 50, impinging upon the sub-
stantially smooth side, this 2D deglaring diffuser reduces
high-angle luminous intensity in all azimuthal directions,
increases axial luminous intensity, and has no wink, with
distribution shown in the solid line of Figure 50. The peak
high-angle luminous intensity at 65 degrees is about 24%
of the axial luminous intensity. An unexpected benefit is
that the hexagonal pattern elements are visible to the
naked eye, and the array of hexagons produces a pleas-
ing surface pattern that adds artistic and visual appeal,
while individual prisms (corner cubes) are undetectable
by the naked eye at typical viewing distances of three
feet or more or at typical viewing distances of one meter
or more. When illuminated by a single LED or array of
multiple LEDs (or similar light source), there is an unex-
pected benefit that the corner-cubes, possibly due to hav-
ing an evenly-distributed range of orientation angles with
respect to an axis in the plane of the substrate, provide
better visual hiding of LED sources than other anti-glare
solutions on the market today including linear arrays of
prisms or cones.
[0119] In Figure 51, corner cube shapes or pyramids
of approximately 30 microns are created in concentric
rings, oriented such that one flat face of each corner cube
faces away from the center of the ring. There are about
18 rings in each pattern element, with adjacent rings
about 32 microns apart. The pattern elements are repeat-
ed in a hexagonal array with dimension about 1.2 mm to
fill the surface of the diffuser as shown in Figure 51, which
depicts a seamlessly repeatable unit rectangle contain-
ing two elements. The corner cubes near their bases
have an internal angle between any two faces of about
90 degrees and the sidewalls have a slight convex cur-
vature so that the angle between two faces near the peak
is slightly greater than 90 degrees. The refractive index
is about 1.49. The prisms are formed of a transparent
polymer on a transparent polymer substrate of thickness
about 175 microns. When illuminated with an approxi-
mately 120 degree Lambertian light source with distribu-
tion shown by the dashed line in Figure 52, impinging
upon the substantially smooth side, this 2D deglaring dif-
fuser reduces high-angle luminous intensity in all azi-
muthal directions, increases axial luminous intensity, and
has no wink, with distribution shown in the solid line of
Figure 52. The peak high-angle luminous intensity at 65
degrees is about 22% of the axial luminous intensity. An
unexpected benefit is that the hexagonal pattern ele-
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ments are detectable by or visible to the naked eye, and
the array of hexagons produces a pleasing surface pat-
tern that adds artistic and visual appeal, while individual
prisms (corner cubes) are undetectable by the naked eye
at typical viewing distances of three feet or more or at
typical viewing distances of one meter or more. When
illuminated by a single LED or array of multiple LEDs (or
similar light source), there is an unexpected benefit that
the corner-cubes, possibly due to having an evenly-dis-
tributed range of orientation angles with respect to an
axis in the plane of the substrate and/or the slight convex
curvature of the sidewalls, provide better visual hiding of
LED sources than other anti-glare solutions on the mar-
ket today including linear arrays of prisms or cones.
[0120] Due to imperfections or limitations of manufac-
turing technology, it may not be possible to make pyra-
mids or corner cubes of perfect shape. For example, it
may not be possible to create sidewalls with cross-sec-
tion of precisely the desired flatness or curvature; it may
not be possible to create tips, valleys, or edges of perfect
sharpness or with exactly a desired rounding. Pyramid
deglaring diffusers of the embodiments of Figures 49 and
51 were created by Applicant, and were known to have
significant rounding of the tips, valleys, and edges. The
experimental data of Figures 50 and 52 show that glare
was indeed suppressed at 65 degree angle relative to
the Lambertian source, but it was not suppressed as
much as for some other embodiments presented herein.
It is believed that with sharper tips, valleys, and edges,
a greater degree of glare suppression is achievable.
[0121] In some cases, triangular pyramids with 90 de-
gree angles between faces, also known as corner cubes,
may be desirable. In other cases, angles other than 90
degrees may be desirable. For use in anti-glare applica-
tions, angles between faces of about 90-120 degrees
may be desirable.
[0122] In other embodiments, pyramids can be ar-
ranged with their tips (i.e., highest corners) on a uniform
hexagonal packing, but with the angle of rotation of each
pyramid varied according to random or other criteria. An
example of this is depicted in Figure 53A and Figure 53B,
in which 90-degree triangular pyramids are arranged on
a substrate with their tips on a uniform hexagonal close-
packing, each pyramid having a randomly-chosen rota-
tional orientation in the plane of the substrate. Figure 53B
enlarges a portion of Figure 53A to more clearly illustrate
how prism tips are arranged in close hexagonal packing.
[0123] In Figures 54A and 54B, a similar array is de-
picted, in which each pyramid tip lies on an approximate
close-packed hexagonal spacing, except that the posi-
tion of each has been randomized by moving it a finite
distance in a random direction from its position in a close-
packed hexagonal grid. As with the embodiment of Figure
53A, each pyramid has a randomly-chosen rotational ori-
entation in the plane of the substrate. Figure 54B enlarg-
es a portion of Figure 54A to more clearly illustrate how
prism tips deviate from the locations of close hexagonal
packing.

[0124] In various embodiments herein, data describing
the desired microstructures can be created digitally
through the following method: a full sized array is created
along with a coordinate system describing the extent of
the microstructure desired. Locations are then selected
for the desired location of the tip (i.e., highest corner) of
each pyramid. For each pyramid, a rotational orientation
is also selected (whether random or deterministic). For
each tip, a pyramid or corner-cube is created extending
downward in all directions from the desired peak (the
pyramid tip) to fill the entire coordinate system. As each
subsequent pyramid is added, a maximum value is cal-
culated between the data describing the height of the
new pyramid and the array containing data describing
the heights of the rest of the previously-calculated pyra-
mids. In this manner, all pyramids extend downward until
they meet a neighboring wall of a pyramid. This enables
relatively simple calculation of pyramids without need for
complex calculations of where sides of neighboring pyr-
amids overlap.
[0125] In some embodiments, pyramid angles and/or
the angular rotation in the plane of the substrate of each
pyramid can be randomized.
[0126] Many variations are possible. Pyramids can
have curved faces and/or rounded edges or corners. El-
ements can be other shapes beyond circular or hexag-
onal. They can be square, squircle, rhombus, or other
shapes.
[0127] In some embodiments, a respective microstruc-
ture element has an area of less than about 1 square
centimeter on the first face of the substrate. In some em-
bodiments, a respective microstructure element has an
area of about 0.1 square centimeters or less on the first
face of the substrate. In some embodiments, a respective
microstructure pyramid is undetectable by the naked eye
(e.g., from a viewing distance of about 8 feet, 4 feet, 1
meter, 3 feet, 2 feet, 1 foot or less in various embodi-
ments). In some embodiments, a respective microstruc-
ture pyramid is undetectable by the naked eye at typical
viewing distances of about three feet or more. In some
embodiments, a respective microstructure pyramid is un-
detectable by the naked eye at typical viewing distances
of about one meter or more.
[0128] When the elements are large enough to be seen
by the human eye (e.g., at a viewing distance of about
three feet), they can unexpectedly provide a pleasing vis-
ual pattern, especially when the individual pyramids are
too small to see but each element is large enough to be
visible.
[0129] Pyramid optics according to embodiments de-
scribed herein may be used as a 2D deglaring diffuser
in a luminaire, including the luminaires described below
in reference to Figures 25-32.
[0130] In some embodiments, the light transmissive
structure includes at least one diffusion feature, including
the diffusion features described below in reference to Fig-
ures 34A-34H. For example, the diffusion feature may
include surface roughness on at least some of the micro-
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structures. The diffusion feature may include a diffuser
on the second face of the substrate. The diffusion feature
may include a light scattering agent in at least some of
the pyramids and/or in the substrate. The diffusion fea-
ture may include a diffusive coating on at least some of
the microstructures.
[0131] Various embodiments described herein can
provide pyramid optic that is shift-invariant, and thus can
be manufactured in large areas such that a pyramid optic
suitable for a given luminaire can be cut from an arbitrary
location of the large area without the need to align the
cut to specific optical features (such as a central point)
of the optical structure. Pyramid optics according to em-
bodiments described herein may be manufactured as de-
scribed below under "Manufacturing."
[0132] Various embodiments described herein can
provide a pyramid optic with high optical transmission,
having substantially no light-absorbing materials.
[0133] Various embodiments described herein can
provide a pyramid optic that obscures or helps obscure
light sources, including but not limited to LEDs and fluo-
rescent lamps.
[0134] Various embodiments described herein can
provide a pyramid optic that increases the luminance uni-
formity on the surface of a luminaire.
[0135] Various embodiments described herein can
provide a pyramid optic that has a visible surface pattern
that may be aesthetically pleasing to a viewer. Further,
various embodiments described herein can provide a
pyramid optic that has a visible surface pattern that vis-
ually obscures light sources such as LEDs, or distracts
the eye to reduce their visibility.
[0136] Various embodiments described herein can
provide a pyramid optic than can be efficiently and inex-
pensively mass-produced in areas large enough to be
suitable for use in general lighting.
[0137] In many embodiments, periodic or non-periodic
tilings (or tesselations) are used to arrange elements
comprising concentric arrangements of pyramids.
[0138] According to laboratory experiments by the Ap-
plicant, adding a dye as indicated by the shading in Fig-
ures 36A-36C to the substrate (Figure 36A), prisms (Fig-
ure 36B), or both (Figure 36C) may desirably provide a
desirably smaller high-angle luminous intensity ratio. Ac-
cording to experiments, added dye may somewhat un-
desirably reduce the total light transmission of the 2D
deglaring diffuser, while desirably reducing the high-an-
gle luminance more strongly, thus desirably improving
the high-angle luminous intensity ratio. The amount of
tolerable reduction in total light transmission of the 2D
deglaring diffuser may depend on the specific illumination
requirement, and may be acceptable in consideration of
the improved suppression of high-angle luminous inten-
sity. For reference, some commercial metal louver sys-
tems (often called "parabolic" louvers) may reduce total
light transmission of luminaires by up to 40% while de-
creasing high-angle luminous intensity. Thus it may be
desirable in some cases to incorporate dye into a 2D

deglaring diffuser that causes up to 40% reduction in total
light transmission. In many cases it will be desirable to
provide smaller amounts of reduction in total light trans-
mission, such as 20%, 10%, or 5%.
[0139] In many cases when a dye is used, it will be
desirable to add a color-neutral dye, having substantially
the same absorption at all wavelengths of interest (usu-
ally the visible wavelengths) to maintain even color of
light. In some cases it may be desirable to add a non-
color-neutral dye, in which case an angle-dependent
color will be achieved, in which the light at high azimuthal
angles is more strongly colored by the dye than light emit-
ted at low azimuthal angles, possibly producing desirable
aesthetic appeal.

Sizes for Prisms and Elements

[0140] The characteristic size of the pattern elements
(which, for example, in the case of close-packed hexa-
gons is the spacing between hexagons) will affect various
embodiments described herein as follows: If the charac-
teristic size is very small (smaller than about 1 mm) it will
be undetectable by the naked eye of an observer, and
the surface of the 2D deglaring diffuser will have a smooth
appearance, which is desirable in some cases. If the
characteristic size is larger than about 1 mm, it will
present a visible pattern to the observer.
[0141] According to laboratory experiments by the Ap-
plicant, pattern elements with characteristic sizes large
enough to produce visible patterns can produce an un-
expectedly pleasing visual appearance, adding aesthetic
appeal to a luminaire in which it is used. An additional
unexpected benefit of characteristic sizes large enough
to produce visible patterns is that in laboratory observa-
tions, they were found to confuse the eye, giving the il-
lusion of better hiding or scrambling of images of light
sources. Figure 22 shows a photograph of the 2D de-
glaring diffuser of Figure 39 with large (approx. 10 mm)
pattern elements viewed over an array of LEDs with the
prism side of the diffuser facing outward away from the
LEDs. It may be difficult for a viewer to determine the
location of the LEDs in this photograph. In addition, when
a diffuser is not used between the 2D deglaring diffuser
and LEDs, this pattern will change in appearance (e.g.,
elements of the pattern may change in brightness and/or
change in shape and/or size) at different viewing angles,
adding visual appeal. Such visible surface patterns are
particularly effective with LEDs, in scrambling light into
pleasing patterns. In the case where additional diffusion
is used, large patterns increase the effectiveness of dif-
fusers in hiding the LEDs. This increase in effectiveness
of the additional diffusers means that a weaker and thus
more efficient diffuser can be used, thus leading to a lu-
minaire of desirably higher efficiency.
[0142] The prisms of the embodiment of Figure 22
have about 84 micron pitch, and are not substantially
visible to the human eye at typical viewing distances of
three feet or more or at typical viewing distances of one
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meter or more.
[0143] In some cases involving luminaires with arrays
of LEDs, it may be desirable that the pattern elements
be on a similar size scale to the spacing between LEDs,
in which case they provide the strongest scrambling or
obfuscation of the visibility of LED sources.
[0144] If the characteristic size of the pattern elements
is more than an order of magnitude and in some embod-
iments, more than two orders of magnitude smaller than
the light exit surface of the luminaire, then the 2D deglar-
ing diffuser’s response to light will be substantially uni-
form over dimensions comparable to said light exit sur-
face of the luminaire. As such, the light distribution cre-
ated by the luminaire will not be sensitive to the exact
placement of the 2D deglaring diffuser in the luminaire.
This is potentially advantageous for allowing tolerance
in the assembly of the luminaire, and additionally poten-
tially advantageous in allowing the product to be manu-
factured in sheets with large surface areas, from which
2D deglaring diffuser can be cut from any location on the
sheet without needing to align the cut to specific features
on the 2D deglaring diffuser pattern, saving cost. Thus
in many cases it may be particularly advantageous that
the characteristic size of pattern elements is more than
an order of magnitude smaller, and in some embodi-
ments more than two orders of magnitude smaller than
the light exit surface of the luminaire in which it is em-
ployed. A typical small size for the light exit surface of a
luminaire is about 50 mm circular, and a typical large size
for the light exit surface of a luminaire is about a 1200
mm x 600 mm rectangle.
[0145] In many of the embodiments, the characteristic
size of pattern elements is one or two orders of magnitude
smaller than the luminaire in which it is employed. When
this is true, the macroscopic optical structure is substan-
tially uniform on the size scale of the luminaire, and to a
viewer would have a consistent surface appearance, be
it a smooth texture (in the case when the characteristic
size is very small) or a substantially uniform pattern (for
larger, more visible characteristic sizes). One can choose
area on the surface of the substrate of a 2D deglaring
diffuser that encompasses several pattern elements, or
is several times the characteristic size of pattern ele-
ments, as illustrated in Figure 23. This area can contain
prisms with a distribution of prism orientation angles ac-
cording to the design of this particular 2D deglaring dif-
fuser, and light illuminating that area will be affected by
the prisms in accordance with the collection of prism
shapes and path shapes that area of the substrate. Now
it is possible to choose a second area of similar size in
a different location of the surface of the 2D deglaring
diffuser that contains a group of prisms with substantially
the same collection of prism shapes and path shapes,
and have substantially the same response to incoming
light. By extension, it is possible to choose areas covering
the entire substrate and having substantially the same
collection of prism shapes and path shapes. Given the
similarity of these chosen areas, the 2D deglaring diffuser

is substantially uniform over the spatial size of the sub-
strate.
[0146] Due to the preference that the characteristic
size of pattern elements is significantly smaller than the
size of the luminaire, and that the pattern elements are
composed of a plurality of substantially parallel prisms
and thus the individual prisms have a pitch that is gen-
erally smaller than the characteristic size of pattern ele-
ments, the prisms will in many embodiments be quite
small, often smaller than 1 mm, and sometimes smaller
than 100 microns. Figure 24 shows typical order-of-mag-
nitude sizes in meters for the prism pitch (labeled
"Prism"), the characteristic size of pattern elements (la-
beled "Pattern Element"), and luminaires employing 2D
deglaring diffusers (labeled "Luminaire"). These are only
typical values, and do not place upper or lower limits on
the sizes of any features of the embodiments described
herein.
[0147] In an additional embodiment, the characteristic
size of the pattern elements is approximately equal to or
larger than the size of the light exit window of the lumi-
naire. In this case, the 2D deglaring diffuser is comprised
of substantially one pattern element. Such a diffuser
would appear similar to a Fresnel lens, although it is spe-
cifically composed prisms of substantially isosceles tri-
angular cross-section and no surfaces that are vertical
(i.e. perpendicular to the substrate), whereas a Fresnel
lens specifically has vertical surfaces. The 2D deglaring
diffuser does not provide focusing or imaging perform-
ance, and it does not have any vertical sidewalls, both
of which are characteristic of a Fresnel lens. It reduces
high-angle luminous intensity of a wide Lambertian light
source.
[0148] In additional embodiments, a luminaire is pro-
vided which uses any of the 2D deglaring diffusers of the
embodiments herein to provide low high-angle luminous
intensity.
[0149] In additional embodiments, a light source is pro-
vided which uses any of the 2D deglaring diffusers of the
embodiments herein to provide low high-angle luminous
intensity.
[0150] In other embodiments, a round luminaire as il-
lustrated in Figure 25 is provided with a light source, in-
ternal diffuse reflector, 2D deglaring diffuser with prisms
facing away from the light source according to the em-
bodiments herein. The luminaire has low high-angle lu-
minous intensity, increased axial luminous intensity, and
has no wink. In a related embodiment (not shown) a con-
ventional diffuser is disposed inside the light cavity, be-
tween the 2D deglaring diffuser and light source. The
luminaire has low high-angle luminous intensity.
[0151] In other embodiments, a round luminaire as il-
lustrated in Figure 26 is provided with a light source, in-
ternal specular reflector, 2D deglaring diffuser with
prisms facing away from the light source according to the
embodiments herein. The luminaire has low high-angle
luminous intensity. In a related embodiment (not shown)
a conventional diffuser is disposed inside the light cavity,

31 32 



EP 3 084 487 B1

18

5

10

15

20

25

30

35

40

45

50

55

between the 2D deglaring diffuser and light source. The
luminaire has low high-angle luminous intensity.
[0152] In other embodiments, a round luminaire as il-
lustrated in Figure 27 is provided with a light source, in-
ternal specular reflector, and 2D deglaring diffuser with
prisms facing away from the light source according to the
embodiments herein. The specular reflector is shaped in
a curved shape such as an ellipsoid or paraboloid. The
luminaire has low high-angle luminous intensity. In a re-
lated embodiment (not shown) a conventional diffuser is
disposed inside the light cavity, between the 2D deglaring
diffuser and light source. The luminaire has low high-
angle luminous intensity.
[0153] In other embodiments, a luminaire as illustrated
in Figure 28 is provided with an array of light sources
over substantially the entire surface of the luminaire, an
internal reflector, and 2D deglaring diffuser with prisms
facing away from the light source according to the em-
bodiments herein. The luminaire has low high-angle lu-
minous intensity, increased axial luminous intensity, and
has no wink. In other embodiments this luminaire is rec-
tangular or circular. In a related embodiment (not shown)
a conventional diffuser is disposed inside the light cavity,
between the 2D deglaring diffuser and light source. The
luminaire has low high-angle luminous intensity.
[0154] In other embodiments, a luminaire as illustrated
in Figure 29 is provided with an array of light sources
over less than the entire surface of the luminaire, an in-
ternal reflector, and 2D deglaring diffuser with prisms fac-
ing away from the light source according to the embod-
iments herein. The luminaire has low high-angle lumi-
nous intensity, increased axial luminous intensity, and
has no wink. In other embodiments this luminaire is rec-
tangular or circular. In a related embodiment (not shown)
a conventional diffuser is disposed inside the light cavity,
between the 2D deglaring diffuser and light source. The
luminaire has low high-angle luminous intensity.
[0155] In other embodiments, a 2D deglaring diffuser
according to the embodiments described herein is used
on conjunction with other optics or diffusers. In one such
embodiment, a rectangular luminaire as illustrated in Fig-
ure 30 has a diffuser with central section (2) surrounded
by an outer section (3). The luminaire is provided with a
light source or array of light sources (1) located substan-
tially above the central section (2). A central optic or dif-
fuser is placed in the central section (2), and due to the
placement of the light sources above the central section,
receives illumination from a limited range of angles, re-
ceiving substantially no high-angle illumination. This cen-
tral section does not need an optic to further reduce high-
angle luminous intensity, and thus could be occupied by
other optics or diffusers such as conventional diffusers,
reflectors, louvers, or a 2D batwing diffuser, such as de-
scribed in U.S. Application Serial No. 14/308,293, filed
June 18, 2014, assigned to the assignee of the present
application. Some optics or diffusers in the central section
22 may comprise microstructures and may be disposed
on the surface of the substrate facing the light source,

the surface facing away from the light source, or both. A
2D deglaring diffuser according to the embodiments
herein with prisms on the side facing away from the light
source is used in the outer section 23 which may receive
high-angle illumination from the light sources 21. The lu-
minaire may be provided with a specular or diffuse re-
flector (not shown) closing the cavity between the light
source and diffuser to enhance efficiency. The luminaire
provides low high-angle luminous intensity. In another
variation of these embodiments, the center section has
a shape other than a square as indicated, such as a circle.
In another variation of these embodiments, both the con-
ventional diffuser and the 2D deglaring diffuser are
formed on the same substrate.
[0156] In other embodiments, a 2D deglaring diffuser
is suspended below a light source, with open gaps some-
where in the housing, such that some light is transmitted
through the 2D deglaring diffuser and light reflected from
the diffuser continues upward to illuminate a ceiling, as
shown in Figure 31. The diffuser can be suspended under
the light source via any techniques known in the art (not
shown) including cables, a frame at sides or edges, or
transparent enclosure. In variations of this embodiment,
additional elements such as additional 2D deglaring dif-
fusers, 2D batwing diffusers, conventional diffusers, baf-
fles and louvers are used to further shape the upward
directed light into a desired distribution.
[0157] In additional embodiments, other types of lumi-
naires known in the art can employ a 2D deglaring diffuser
according to any of the embodiments described herein
and produce low high-angle luminous intensity, said lu-
minaires including but not limited to downlight, recessed
troffer, surface-mount troffer, suspended pendant, sus-
pended linear pendant, wall wash, cove, replacement
lamp, PAR lamp, architectural, fine art, outdoor, bollard,
aisle, stage/show lighting, movie lighting.
[0158] In additional embodiments, luminaires includ-
ing a 2D deglaring diffuser according to any of the em-
bodiments described herein may employ additional ele-
ments such as conventional diffusers, additional 2D de-
glaring diffuser, 2D batwing diffusers, linear batwing dif-
fusers, baffles, louvers, specular reflectors, diffuse re-
flectors, absorbers, openings, to further modify the light
distribution for purposes such as obscuring lamps, mod-
ifying the light distribution, forming batwing distributions,
reducing axial luminous intensity, or forming asymmetric
or one-sided distributions. In additional embodiments,
additional elements such as power supplies, housings,
air vents, heatsinks, decorative elements, and means of
affixing a luminaire to a wall, ceiling or other object are
provided.
[0159] Luminaires are known in the art that collect out-
door light (i.e. direct and/or diffuse solar light) and trans-
mit the light to a desired location, often diffusing the light
at that location using a conventional diffuser or other light-
transmitting material. A commercially-available example
is Solatube, of Vista, CA (http://www.solatube.com). In
additional embodiments described herein, a luminaire in-
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cluding a solar collector, a light-transmitting member
such as tube with reflective inner walls or fiber optic cable
assembly, and a light-exiting surface, through which light
is emitted into a space is provided with a 2D deglaring
diffuser according to any of the embodiments described
herein, and emits light with low high-angle luminous in-
tensity, as illustrated in Figure 32.
[0160] In additional embodiments, a display or illumi-
nated sign such as depicted in Figure 35 includes a light
source 51, a 2D deglaring diffuser 52 according to any
of the embodiments described herein, and a means of
information display 53 such as a mask, transparency, or
Liquid Crystal Display (LCD) panel. The display has re-
duced high-angle luminous intensity, increased axial lu-
minous intensity, and has no wink. In addition the display
may benefit from a desirable monotonic decrease in lu-
minous intensity at higher angles that does not include
a wink as commonly created by 90-degree prism films
and as illustrated in Figure 2.

Manufacturing

[0161] The 2D deglaring diffuser according to any of
the embodiments described herein can be created using
many techniques known in the art.
[0162] The shape of the prisms may be cast onto a
substrate using a suitable master mold, and thermally-
curing polymer or ultraviolet (UV) light curing polymer, or
the shape may be impressed into a thermoplastic sub-
strate through compression molding or other molding, or
may be created at the same time as the substrate using
extrusion-embossing or injection molding.
[0163] The microstructures may be produced by rep-
licating a master, as illustrated at Block 44 of Figure 33.
For example, an optical diffuser can be made by replica-
tion of a master containing the desired shapes as de-
scribed in U.S. Patent No. 7,190,387 to Rinehart et al.,
entitled Systems And Methods for Fabricating Optical
Microstructures Using a Cylindrical Platform and a Ras-
tered Radiation Beam; U.S. Patent No. 7,867,695 to
Freese et al., entitled Methods for Mastering Microstruc-
tures Through a Substrate Using Negative Photoresist;
and/or U.S. Patent No. 7,192,692 to Wood et al., entitled
Methods for Fabricating Microstructures by Imaging a
Radiation Sensitive Layer Sandwiched Between Outer
Layers, assigned to the assignee of the present applica-
tion. The masters themselves may be fabricated using
laser scanning techniques described in these patents,
and may also be replicated to provide diffusers using
replicating techniques described in these patents.
[0164] Large prism sizes make it impractical or even
impossible to make flexible films. Films, when manufac-
tured roll to roll, can be very economical. The prisms
themselves, which can be manufactured quickly and eco-
nomically using photoreplication with UV-curing poly-
mers, benefit from smaller prism sizes, which consume
less UV-cured polymer, saving expense. Thin films can
be laminated to rigid polymer (such as acrylic or polycar-

bonate) sheets.
[0165] Photoreplicated films of this sort laminated to
rigid sheets can often be more cost effective than other
methods, such as compression molding, which has high
shape fidelity but is slow, or hot roll embossing, which is
comparatively fast but has poorer shape fidelity, and thus
poorer optical performance.
[0166] When using photoreplication, it is desirable that
the height of the photoreplicated layer (in this case, the
prisms of a 2D deglaring diffuser) be less than or about
equal to the thickness of the polymer substrate onto
which the microstructure is being photoreplicated. Hav-
ing prisms of about 100 micron height makes it possible
to photoreplicate on substrates as thin as about 100 mi-
crons. Having prisms of about 30 micron height enables
photoreplication on substrates as thin as about 25 mi-
crons (0.001 inch) in thickness. Films with thickness in
the 25-125 micron range are preferable for use as a flex-
ible film due to low cost and low shipping weight. Films
with thickness in the 12.5-75 micron range are preferable
for use for lamination due to low cost.
[0167] The ATARO luminaire available from Wald-
mann of Villingen-Schwenningen, Germany has relative-
ly large prisms (about 1 mm in pitch/size) that are ar-
ranged concentrically with only about five rings and there-
fore may have lower suppression of high-angle glare than
desirable. If more rings of prisms were used, perform-
ance may improve, but then lamp-hiding performance
will suffer because the pattern elements approach the
size of the lamp and within an order of magnitude of the
fixture size.
[0168] With the ATARO luminaire, both the prisms and
the pattern element are of size that is detectable by the
naked eye (e.g., at viewing distances of about three feet
or more). This produces a very different optical appear-
ance which Applicant has learned is undesirable for many
customers. Applicant has learned from experience that
for patterns used in office and architectural lighting, cus-
tomers generally prefer pattern sizes of around 1-5 mm,
preferably about 1-3 mm.
[0169] In other methods and systems, laser hologra-
phy, known in the art, is used to create a holographic
pattern that creates the desired microstructure in a pho-
tosensitive material.
[0170] In other methods and systems, projection or
contact photolithography, such as used in semiconduc-
tor, display, circuit board, and other common technolo-
gies known in the art, is used to expose the microstruc-
tures into a photosensitive material.
[0171] In other systems/methods, laser ablation, either
using a mask or using a focused and modulated laser
beam, is used to create the microstructures in a material.
[0172] In other methods and systems, micromachining
(also known as diamond machining), known in the art, is
used to create the desired microstructure from a solid
material.
[0173] In other methods and systems, additive manu-
facturing (also known as 3D printing), known in the art,
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is used to create the desired microstructure in a solid
material.

Variations

[0174] Many other variations on the structure may be
provided according to various embodiments described
herein.
[0175] The substrate may be thin, such as a flexible
plastic film, or thick, such as a rigid acrylic or polycar-
bonate sheet. It may be monolithic or include multiple
layers, such as a thin plastic film laminated to a thicker
rigid substrate using an adhesive layer or other lamina-
tion method. The diffuser may be substantially flat, or
may take on a curvature (concave or convex; cylinder-
like or dome-like) as long as the diffuser still reduces
high-angle luminous intensity. Additional optical or me-
chanical layers may be present, such as a cladding layer
of differing refractive index disposed outside of the 2D
deglaring diffuser prism layer.
[0176] In one embodiment, a 2D deglaring diffuser is
curved into a half-cylinder shape and illuminated by a
linear light source positioned along the line defining the
center of the half-cylinder. It produces a light distribution
with reduced high-angle luminous intensity in the azi-
muthal plane parallel to the line defining the center of the
cylinder, and because of the curvature, does not as
strongly reduce high-angle luminous intensity in the az-
imuthal plane perpendicular to the line defining the center
of the cylinder.
[0177] 2D deglaring diffusers according to any of the
embodiments described herein are designed to accept
a light distribution provided by a luminaire’s light source
and components excluding the 2D deglaring diffuser (the
"incoming light distribution") and create a useful light dis-
tribution with low high-angle luminous intensity. In some
cases, the incoming light distribution will be Lambertian
with 120 degree FWHM. In other cases, the incoming
light distribution may be a narrower Lambertian (e.g. 60
degree FWHM), approximately Lambertian, or non-Lam-
bertian. In these cases, it still may be desirable to shape
the incoming light distribution using a 2D deglaring dif-
fuser.
[0178] Customization of the 2D deglaring diffuser to
achieve goals, including specific degrees of suppression
of high-angle luminous intensity, accommodating specif-
ic incoming light distributions, desired visual appearanc-
es, etc., can be achieved by varying many different as-
pects of the 2D deglaring diffuser according to any of the
embodiments described herein. Variations in geometry
(including prism pitch, curvature, cross-sectional shape,
and geometric shape of the prism layout), internal angle,
rounding of prism peaks and valleys, surface roughness,
etc., can be used. Prisms may be asymmetric (with a
gentle-sloping face on one side, and a strongly-sloped
face in the other side). The refractive index of the prisms
can be varied. Different refractive indices may result in
different amounts of high-angle luminous intensity.

[0179] The use of an appropriate separate diffuser with
a collimated or near-collimated light source can widen
the light source into a Lambertian light source. For ex-
ample, it is known in the art that opal glass will transform
nearly any incoming light distribution into an approxi-
mately 120-degree Lambertian distribution. Thus a 2D
deglaring diffuser with a collimated or near-collimated
light source and an additional diffuser with an appropriate
level of diffusion disposed between the light source and
2D deglaring diffuser will perform similarly to a 2D de-
glaring diffuser with a Lambertian incoming light distribu-
tion. Thus a narrow light source with a diffuser of sufficient
diffusion can be considered the same thing as a wide
Lambertian light source when discussing 2D deglaring
diffusers of the embodiments herein.
[0180] In additional embodiments, a 2D deglaring dif-
fuser according to any of the embodiments described
herein includes additional diffusion (such as from surface
roughness, a diffusive substrate, or a diffusive second
surface). Such diffusion may increase the ability of the
2D deglaring diffuser to hide light sources such as LEDs,
and may also decrease the ability of the 2D deglaring
diffuser to reduce high-angle luminous intensity. This re-
duction may still be acceptable and thus may be a valid
choice of tradeoff in cases where increased source hiding
is desired. Diffusion can be added to a 2D deglaring dif-
fuser in many ways, as illustrated in Figures 34A-34.
[0181] Figure 34A shows a cross-section of a typical
non-diffused embodiment for reference. The 2D deglar-
ing diffuser or light transmissive structure of Figure 34A
includes a substrate S having first and second opposing
faces 40, 42 and a plurality of microprisms on the first
face 40.
[0182] The microprisms may be the microprisms of any
of the embodiments described herein such as, for exam-
ple, the microprisms 12 shown in Figure 6.
[0183] In one embodiment, depicted in Figure 34B, dif-
fusion is added to a 2D deglaring diffuser according to
any of the embodiments described herein by superim-
posing diffusive surface features. Many conventional sur-
face (microstructure) diffusers are comprised of surface
features such as microlenses or random roughness.
Such surface features can be directly superimposed up-
on the surface of the prisms of the 2D deglaring diffuser,
and will add diffusion to the effect of the 2D deglaring
diffuser.
[0184] In other embodiments, depicted in Figure 34C,
diffusion is added to a 2D deglaring diffuser according to
any of the embodiments described herein by rounding
the prism tips. In related embodiments the prism tips
and/or valleys can be rounded.
[0185] In other embodiments, depicted in Figure 34D,
diffusion is added to a 2D deglaring diffuser according to
any of the embodiments described herein by creating a
conventional surface diffuser such as a microstructure
or holographic diffuser on the surface of the substrate
opposite the prism layer, using techniques known in the
art.
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[0186] In other embodiments, depicted in Figure 34E,
diffusion is added to a 2D deglaring diffuser according to
any of the embodiments described herein by introducing
light scattering in the prism layer. This can be accom-
plished for example by incorporating a scattering agent,
such as minerals (e.g. TiO2 or Calcium Carbonate), mi-
crospheres or beads, particles, phase separated mate-
rials, into the liquid UV-curable polymer used to create
the prism structure.
[0187] In other embodiments, depicted in Figure 34F,
diffusion is added to a 2D deglaring diffuser according to
any of the embodiments described herein by incorporat-
ing a scattering agent, such as minerals (e.g. TiO2 or
Calcium Carbonate), microspheres or beads, particles,
phase separated materials, into the substrate material.
[0188] In other embodiments, depicted in Figure 34G,
diffusion is added to a 2D deglaring diffuser according to
any of the embodiments described herein by conformally
coating a diffusive coating onto the surface of the prisms.
Diffusive coatings are known in the art, such as a mineral
dispersed in a binder polymer.
[0189] In other embodiments, depicted in Figure 34H,
diffusion is added to a 2D deglaring diffuser according to
any of the embodiments described herein by combining
the transparent substrate with a diffusive layer, said dif-
fusive layer comprising any conventional diffuser known
in the art.
[0190] In many cases, the exact effect of the variations
in 2D deglaring diffuser design according to any of the
embodiments described herein need not be directly or
completely understood to be optimized, because these
variations can be readily designed using mathematical
software such as MATLAB, and optimized using optical
ray tracing software such as LightTools to achieve spe-
cific goals. It is possible with ray tracing software to model
the output of a 2D deglaring diffuser according to any of
the embodiments described herein when presented with
a specific incoming light distribution such as an 80 degree
Lambertian distribution. It is also possible to make a com-
plete model of a luminaire, so as to optimize the 2D de-
glaring diffuser design according to any of the embodi-
ments described herein and luminaire design to achieve
a specific output light distribution from the luminaire.
[0191] The performance of a 2D deglaring diffuser ac-
cording to any of the embodiments described herein can
be further varied by changing the design of 2D deglaring
diffuser across the substrate. Any of the variations dis-
cussed herein could be changed from one location to
another, or from one pattern element to another, one
prism to another, to randomize the performance of the
diffuser. This might be used to provide stronger or weaker
suppression of high-angle luminous intensity at various
locations on the substrate depending on their proximity
and to the light source(s) and associated incoming light
distribution at said locations, or to combine other optical
functions, such as light-source hiding, and/or visible aes-
thetic surface patterns.
[0192] In some embodiments, a 2D deglaring diffuser

according to any of the embodiments described herein
includes concentric circular prisms arranged in a hexag-
onal repeat pattern similar to the embodiments of Figures
7, 21, 37 and 39. Each pattern element contains prisms
of a randomly or pseudo-randomly chosen prism internal
angle, ranging from 105 to 120 degrees. The optic re-
duces high-angle luminous intensity.

Elements and features described:

[0193]

1: A two-dimensional deglaring diffuser, not claimed
as such, comprising: a first substantially smooth sur-
face; a second textured surface; a thickness there-
between; the textured surface comprising a micro-
prism array, the microprism array comprising a plu-
rality of microprisms with substantially more than one
prism orientation angle, the microprism array being
conceptually divisible into at least 10 sub-areas for
which each sub-area contains prismatic microstruc-
tures with a substantially the same distribution of
prism orientation angles as the other sub-areas.
2: A two-dimensional deglaring diffuser, not claimed
as such, comprising: a first smooth surface; a second
textured surface; a thickness therebetween; the tex-
tured surface comprising a microprism array, the mi-
croprism array comprising a plurality of elements
with area on the substrate of less than 1 square inch,
each element on the substrate comprising prismatic
microstructures arranged in a concentric geometric
shape. The geometric shapes include but are not
limited to: an ellipse, a circle, a rounded polygon, a
rounded triangle, a rounded rectangle, a rounded
square, a rounded rhombus, and a rounded hexa-
gon.
3: A two-dimensional deglaring diffuser, not claimed
as such, comprising: a first substantially smooth sur-
face; a second textured surface; a thickness there-
between; the textured surface comprising a micro-
prism array, the microprism array comprising a plu-
rality of elements, each element comprising prismat-
ic microstructures arranged in a concentric geomet-
ric shape; the prismatic microstructures having sub-
stantially more than one prism orientation angle.
4. Some constructions focus on the "parallel" aspect,
that even in concentric circles, the prisms are essen-
tially parallel prisms. Thus there can be two-dimen-
sional deglaring diffuser comprising: a first substan-
tially smooth surface; a second textured surface; a
thickness therebetween; the textured surface com-
prising a microprism array, the microprism array
comprising a plurality of elements, each element
comprising prismatic microstructures arranged sub-
stantially parallel to one another; the prismatic micro-
structures having substantially more than one prism
orientation angle.
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[0194] The prism cross-sectional shape can be ap-
proximately isosceles triangular. The prism cross-sec-
tional internal angle can be approximately between 95
and 120 degrees, more specifically approximately be-
tween 105 and 115 degrees. The prism cross-sectional
peak can be rounded, arched, or otherwise blunted, or
have sides that curve outwardly to be convex when
viewed from above.
[0195] The prism paths can follow a curvilinear shape
including but not limited to a circle, ellipse, rounded tri-
angle, rounded square, rounded hexagon, and/or ran-
dom curvilinear shape.
[0196] The majority of prism paths can form substan-
tially closed shapes, and/or the shape of the prism path
can vary between two or more shapes.
[0197] Any one prism segment can have at least one
adjacent prism segment, disposed on one or both sides
of the one prism segment that is substantially parallel to
the one prism segment; or at least two adjacent prism
segments, disposed on one or both sides of the one prism
segment that are substantially parallel to the one prism
segment.
[0198] Prism arrays can be bounded inside one or
more shapes that are repeated, tiled, or tessellated, or
randomly arrayed across the substrate
[0199] Where there is more than one prism orientation
angle, they can includes at least 0, 45, 90, and 135 de-
grees. The plurality of prismatic microstructures can have
a distribution of prism orientation angles that is substan-
tially uniform over all angles in the plane.
[0200] Additional diffusion can be added, and either
side of the material is further embedded in another ma-
terial.
[0201] A characteristic or characteristics, including but
not limited to a cross-sectional shape, cross-sectional
angle, prism tip rounding and/or prism path shape, can
be varied across the substrate in a deterministic or ran-
dom manner.
[0202] A light absorbing dye can be added to the prism
structure, the substrate, or both. The dye can be color
neutral, having substantially the same absorption at all
visible wavelengths, or not color neutral, causing the 2D
deglaring optic to emit light of different colors at different
viewing angles. The dyed 2D deglaring optic can have
light transmission that is 0-40% lower than the transmis-
sion of an identical undyed 2D deglaring optic, particu-
larly 0-20% lower than the transmission of an identical
undyed 2D deglaring optic, or even 0-10% lower than the
transmission of an identical undyed 2D deglaring optic.
[0203] The luminaire, light fixture, display, or illumina-
tion device will have a light source and 2D deglaring dif-
fuser as described, in which the 2D deglaring diffuser is
oriented with the prism side facing generally away from
the light source. The 2D deglaring diffuser is illuminated
by the light source and oriented with the prism side facing
generally away from the light source, to create illumina-
tion with low high-angle luminous intensity.
[0204] As used herein, the term "wherein the light

transmissive structure is configured to receive light from
a light source facing the second face and reduce high-
angle luminous intensity of the light emerging from the
first face" can mean that, when the second face is illumi-
nated by a light distribution of a light source (e.g., a wide
light source), the light transmissive structure is config-
ured to reduce high-angle luminous intensity of the light
emerging from the first face relative to that light distribu-
tion. For example, when the light source is a Lambertian
light source and the second face is illuminated by a Lam-
bertian light distribution, the light transmissive structure
may be configured to reduce high-angle luminous inten-
sity of the light emerging from the first face relative to the
Lambertian light distribution.
[0205] Various embodiments have been described
above with reference to the accompanying drawings.
Other embodiments may take many different forms and
should not be construed as limited to the embodiments
set forth herein. Rather, these embodiments are provided
so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled
in the art.
[0206] When an element is referred to as being on,
coupled or connected to/with another element, it can be
directly on, coupled or connected to/with the other ele-
ment or intervening elements may also be present. In
contrast, if an element is referred to as being directly on,
coupled or connected to/with another element, then no
other intervening elements are present.
[0207] As used herein, the term "and/or" includes any
and all combinations of one or more of the associated
listed items. The symbol "/" is also used as a shorthand
notation for "and/or".
[0208] It will be understood that although the terms first
and second are used herein to describe various regions,
layers and/or sections, these regions, layers and/or sec-
tions should not be limited by these terms. These terms
are only used to distinguish one region, layer or section
from another region, layer or section. Thus, a first region,
layer or section discussed above could be termed a sec-
ond region, layer or section, and similarly, a second re-
gion, layer or section could be termed a first region, layer
or section without departing from the teachings of the
present invention. Like numbers refer to like elements
throughout.
[0209] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the invention. As used herein, the
singular forms "a", "an" and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise. It will be further understood that the
terms "comprises" and/or "comprising," "includes" and/or
"including", "have" and/or "having" (and variants thereof)
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
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of.
[0210] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.
[0211] Many different embodiments have been dis-
closed herein, in connection with the above description
and the drawings. It will be understood that it would be
unduly repetitious and obfuscating to literally describe
and illustrate every combination and subcombination of
these embodiments. Accordingly, the present specifica-
tion, including the drawings, shall be construed to con-
stitute a complete written description of all combinations
and subcombinations of the embodiments described
herein, and of the manner and process of making and
using them, and shall support claims to any such com-
bination or subcombination.

Claims

1. A diffuser for a luminaire comprising:
a light transmissive substrate (S) having first and
second opposing faces; and

an array of microprism elements (10) on the first
face, a respective microprism element compris-
ing a plurality of concentric rings, each ring com-
prising a plurality of pyramids;
wherein a respective ring is rotated randomly
and/or pseudorandomly on the first face relative
to the other rings in the respective microprism
element (10); and
wherein the diffuser is configured to receive light
from a light source facing the second face and
to reduce high-angle luminous intensity of the
light emerging from the first face.

2. The diffuser of claim 1 wherein the array of micro-
prism elements (10) extends over substantially the
entire first face of the substrate (S).

3. The diffuser of claim 1 wherein, a central circle con-
taining pyramids at one rotation angle is surrounded
by a plurality of additional rings containing multiple
pyramids arranged in approximately triangular pack-
ing into the ring, with each pyramid ring rotated to a
random or pseudorandom rotation angle, and due
to triangular packing, within any ring, adjacent pyr-
amids alternate between having a face that faces
the center of the plurality of concentric rings and hav-
ing an edge that points toward the center of the plu-

rality of concentric rings.

4. The diffuser of claim 1 wherein a respective pyramid
comprises a face that faces away from a center of
the plurality of concentric rings.

5. The diffuser of claim 1 wherein a respective pyramid
comprises an edge that points toward a center of the
plurality of concentric rings.

6. The diffuser of claim 1 wherein a respective pyramid
comprises at least one face that defines a convex
surface.

Patentansprüche

1. Diffusor für eine Leuchte, umfassend:

ein lichtdurchlässiges Substrat (S) mit einer ers-
ten und einer zweiten gegenüberliegenden Flä-
che; und
eine Anordnung von Mikroprismenelementen
(10) auf der ersten Fläche, wobei ein jeweiliges
Mikroprismenelement eine Vielzahl von kon-
zentrischen Ringen umfasst, wobei jeder Ring
eine Vielzahl von Pyramiden umfasst,
wobei ein jeweiliger Ring zufällig und/oder pseu-
dozufällig auf der ersten Fläche relativ zu den
anderen Ringen in dem jeweiligen Mikropris-
menelement (10) gedreht wird; und
wobei der Diffusor konfiguriert ist, um Licht von
einer Lichtquelle zu empfangen, die der zweiten
Fläche zugewandt ist, und um die Lichtstärke
des unter einem hohen Winkel aus der ersten
Fläche austretenden Lichts zu reduzieren.

2. Diffusor nach Anspruch 1, wobei sich die Anordnung
der Mikroprismenelemente (10) im Wesentlichen
über die gesamte erste Fläche des Substrats (S) er-
streckt.

3. Diffusor nach Anspruch 1, wobei ein zentraler Kreis,
der Pyramiden in einem Rotationswinkel enthält, von
einer Vielzahl zusätzlicher Ringe umgeben ist, die
mehrere Pyramiden enthalten, die in einer annä-
hernd dreieckigen Packung in dem Ring angeordnet
sind, wobei jeder Pyramidenring in einem zufälligen
oder pseudozufälligen Rotationswinkel gedreht
wird, und wobei aufgrund der dreieckigen Packung
innerhalb jedes Rings benachbarte Pyramiden ab-
wechselnd eine Fläche haben, die der Mitte der Viel-
zahl konzentrischer Ringe zugewandt ist, und eine
Kante haben, die zur Mitte der Vielzahl konzentri-
scher Ringe zeigt.

4. Diffusor nach Anspruch 1, wobei eine jeweilige Py-
ramide eine Fläche aufweist, die von der Mitte der
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Vielzahl konzentrischer Ringe abgewandt ist.

5. Diffusor nach Anspruch 1, wobei eine jeweilige Py-
ramide eine Kante aufweist, die zur Mitte der Vielzahl
konzentrischer Ringe zeigt.

6. Diffusor nach Anspruch 1, wobei eine jeweilige Py-
ramide mindestens eine Fläche umfasst, die eine
konvexe Oberfläche definiert.

Revendications

1. Diffuseur pour un luminaire comprenant :

un substrat propre à transmettre la lumière (S)
comportant des première et seconde faces
opposées ; et
une matrice d’éléments microprismatiques (10)
sur la première face, un élément microprismati-
que respectif comprenant une pluralité d’an-
neaux concentriques, chaque anneau compre-
nant une pluralité de pyramides ;
un anneau respectif présentant un décalage ro-
tationnel aléatoire et/ou pseudo-aléatoire sur la
première face relativement aux autres anneaux
dans l’élément microprismatique (10) respectif ;
et
le diffuseur étant conçu pour recevoir de la lu-
mière provenant d’une source de lumière orien-
tée vers la seconde face et pour réduire l’inten-
sité lumineuse à grand angle de la lumière se
dégageant de la première face.

2. Diffuseur selon la revendication 1, dans lequel la ma-
trice d’éléments microprismatiques (10) s’étend sen-
siblement sur la totalité de la première face du subs-
trat (S).

3. Diffuseur selon la revendication 1, dans lequel un
cercle central contenant des pyramides disposées
à un certain angle de rotation est entouré par une
pluralité d’anneaux additionnels contenant de multi-
ples pyramides agencées en un groupement ap-
proximativement triangulaire dans l’anneau, chaque
anneau de pyramides présentant un décalage rota-
tionnel d’un angle de rotation aléatoire ou pseudo-
aléatoire et, du fait du groupement triangulaire, au
sein de tout anneau, des pyramides adjacentes pré-
sentent, en alternance, soit une face orientée en di-
rection du centre de la pluralité d’anneaux concen-
triques, soit un bord dirigé vers le centre de la plu-
ralité d’anneaux concentriques.

4. Diffuseur selon la revendication 1, dans lequel une
pyramide respective comprend une face orientée à
l’opposé d’un centre de la pluralité d’anneaux con-
centriques.

5. Diffuseur selon la revendication 1, dans lequel une
pyramide respective comprend un bord dirigé vers
un centre de la pluralité d’anneaux concentriques.

6. Diffuseur selon la revendication 1, dans lequel une
pyramide respective comprend au moins une face
qui définit une surface convexe.
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